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COMPARATIVE STUDIES 


ON THE IN VITRO UPTAKE 


OF LABELLED L-THYROXINE AND L-TRIIODOTHYRONINE 
BY HUMAN ERYTHROCYTES 
IN HYPERTHYROIDISM AND HYPOTHYROIDISM 


By THORKILD FRIIS 


During recent years the protein binding of the 
thyroid hormones in the serum has come into 
the limelight. 

It has been demonstrated that l-thyroxine is 
bound partly to a protein (TBP = thyroxine 
binding protein) which migrates electrophoretic- 
ally between the a, and the az globulins and partly 
to albumin and prealbumin. While TBP can bind 
a maximum of about 20 ug per 100 ml, prealbumin 
and albumin appear to be able to bind more than 
100ug per 100 ml. In normal persons, the greater 
part of the l-thyroxine is bound to TBP (2, 3, 4, 
8, 11, 14, 15, 16, 19, 20, 22, 23, and 24). 

1-Triiodothyronine is also bound to TBP, but 
far more loosely. Deiss et al. (4) have demon- 
strated that l-thyroxine is capable of ousting the 
Hriiodothyronine from TBP as assessed by an 
electrophoretic technique. Similarly, Robbins 
and Rall (24) found that the binding affinity 
for l-triiodothyronine was about three times 
weaker than the binding of l-thyroxine. Deter- 
mining free thyroxine and I-triiodothyronine 
in serum by a diffusion technique, however, 
Korsgaard Christensen (17) evaluated 
the binding affinity of the serum proteins for 
triiodothyronine as about 15 times weaker than 
that of l-thyroxine. Tanaka & Starr (28), 
using an electrophoretic technique, showed that 
TBP can only bind from 3.4—8.4 ug 1-triiodo- 
thyronine per 100 ml, whereas it is able to bind 
about 20 ug thyroxine per 100 ml. Apparently, 
ktriiodothyronine cannot be bound to prealbumin 
(Ingbar (15, 16)). 

The maximum binding capacity of TBP for 
Hthyroxine is altered in a number of clinical con- 
ditions. It is reduced, for example, in nephrosis 
and during androgen therapy, increased during 
pregnancy and stilboestrol therapy. It may be 
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increased in cirrhotic and myxoedematous states, 
but has been found to be normal in the presence 
of hyperthyroidism (5, 6, 7, 15, 20, 21, 24, 25, 27, 
29). On the other hand, it has been reported by 
Ingbar (15) that the thyroxine binding ca- 
pacity of prealbumin is reduced in hyperthyroid- 
ism. 

In 1957 Hamolsky et al. (12) described a 
technique for determining the in vitro uptake of 
labelled 1-triiodothyronine by human red cells 
in the presence of human plasma. In this and in 
a subsequent paper (13) they showed that the 
extent of the uptake was dependent upon the 
binding affinity of the serum proteins for triiodo- 
thyronine and tbat this affinity was decreased in 
hyperthyroidism and increased in hypothyroid- 
ism. Thus, the red cell uptake was increased in 
hyperthyroidism and decreased in hypothyroid- 
ism. This important finding has been confirmed 
by a number of subsequent authors (9, 10, 26, and 
others). The increased red cell uptake of labelled 
Htriiodothyronine in hyperthyroidism, and thus 
its looser binding to the serum proteins, is due 
at least partly to the fact that the increased 
quantity of circulating thyroxine occupies a 
greater part of the TBP, thus decreasing the 
number of binding sites available to the added 
triiodothyronine (10, 13, 18). 

The object of the present study was to elucidate 
whether a similar technique allowed an evalu- 
ation of the binding affinity of the serum proteins 
for l-thyroxine. If so, this affinity in hyperthy- 
roid, euthyroid, and hypothyroid persons was to 
be assessed and the results correlated with the 
triiodothyronine uptake by the red cells, the con- 
centration of protein bound iodine in the serum, 
and the basal metabolic rate. 


TECHNIQUE 
The technique of determining 1!2!-labelled 
triiodothyronine (T3) uptake was described in 
a previous paper (9). Protein-bound iodine in 
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Fig. 1. 
Erythrocyte Uptake of Labelled L-triiodothyronine 
and L-thyroxine in Relation to Incubation Period. 
Abscissa: Time in hours. 
Ordinate: Erythrocyte uptake in per cent of added 
radioactivity. 


the serum was determined by the method of 
Barker (1). 

If the red cell uptake determination with I181- 
labelled thyroxine (T4)*)is carried out in the same 
way as the l-triiodothyronine determination, the 
uptake is found to be far lower, as the binding 
affinity of the serum proteins for thyroxine is 
greater than that for triiodothyronine. Using two 
hours’ incubation at 37° C after adding the la- 
belled hormone to equal parts of plasma and ery- 
throcytes, the uptake was about 1—2 per cent of 
the added radioactivity after washing three times 
with physiological saline solution. As far as Ts3 
is concerned, the normal values were, as previ- 
ously reported, 6.0—10.5 per cent (9). 


First, the T4 uptake when varying the duration 
of the incubation period was studied. Three ml 
of plasma and three ml of erythrocytes washed 
once with an ACD solution**) was transferred to 
a 50 ml Erlenmeyer flask. The plasma and red 
cells were obtained from a normal person. This 
procedure was repeated, so that at least 12 flasks 
were prepared. Labelled l-thyroxine was added 
in a quantity corresponding to 0.01 ug thyroxine 
labelled with about 0.05 uc I131, Incubation was 
carried out for 15, 30, 60, 120, 180, and 300 
minutes, two flasks being incubated for each of 
the named periods. 

At the end of an hour, maximum red cell up- 
take, of about three per cent, was observed. The 
corresponding result was obtained in similar ex- 
periments using labelled I-triiodothyronine in 
which the uptake was 11 per cent. The experi- 


*) The labelled l-thyroxine and I-triiodothyronine 
were chromatographically pure l-thyroxine and 
l-triiodothyronine made by Abbott Laboratories, 
Chicago. 


**) ACD solution U. S. P. 15: 


Sodium citrate .…….............…. 22 g 
WE NE anssen ensen 0.8 g 
ONE eanrreorsenerncerecrvare 245 g 


ment was repeated in another experimental series 
with a similar result (Fig. 1). 

By the technique used, however, it was often 
difficult to obtain a sufficiently high count as 
compared with the background (50 c.p. m.), as 
the I-thyroxine uptake was low in all cases (about 
1—4 per cent). Addition of stable l-thyroxine in 
varying quantities to plasma and erythrocytes 
immediately before adding the labelled hormone, 
however, gave an increasing uptake of labelled 
l-thyroxine by the erythrocytes, since the binding 
to serum protein was reduced gradually as in- 
creasing amounts of stable hormone were added. 


The added amounts of stable hormone were 
0.1, 0.2, 0.5, 0.8, 1.0, 1.5, 2.0, and 5.0 ug l-thyroxine 
dissolved in 50 % propylene glycol. Thus, each 
experiments comprised a total of eight flasks all 
of which were incubated for two hours at 37° C, 
being shaken every 15 minutes. After the in- 
cubation had been completed, 2 Xx 2 ml was 
removed from each flask, and one aliquot was 
washed three times with physiological saline. 
Then, the activity of washed and unwashed ery- 
throcytes was determined in a well-type scin- 
tillation crystal detector and the uptake cal- 
culated as erythrocyte uptake in washed ery- 
throcytes divided by the erythrocyte uptake in 
unwashed erythrocytes multiplied by 100 per 
cent. 


RESULTS 

First, seven normal persons were studied by 
this technique. 

The result of the determinations of the uptake 
of labelled l-thyroxine (T4) after addition of 
varying amounts of stable l-thyroxine may be 
seen from Fig. 2 which illustrates Case 2. 
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Fig. 2. 
Labelled Thyroxine (T4) Uptake Curve for 5 Patients: 
a Hyperthyroid (Case 4 in Table 2), an Euthyroid 
(Case 2 in Table 1), 2 Euthyroid Persons with Ma- 
lignant Exophthalmos (Table 3), and a Hypothyroid 
Patient (Case 1 in Table 4). 
Abscissa: ug of stable l-thyroxine added. 
Ordinate: Erythrocyte uptake of labelled I-thyroxine 
in per cent of added radioactivity. 


From the course of the curve, it is evident that 
without addition of stable hormone the uptake 
was two per cent, while it increased during ad- 
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Table 1. 
Basal Metabolic Rate, PBI, Labelled Triiodothyronine Uptake and Thyroxine 


Uptake by the Erythrocytes in Euthyroid Persons. 























BMR PBI Tz-uptake T4-uptake 

Case Sex Age (3.0- 6.0- 2.7- 

CIO to +10) 80 ug oo) 10.5 90) 5.3 Co) 
1 M 46 109 5.6 10.9 *) (1.8) 4.7 
2 M 60 103 8.1 8.9 (2.0) 5.1 
3 F 71 1.8 7.9 (1.2) 3.2 
+ F 47 98 4.5 1.5 (1.6) 3.3 
5 M 73 107 6.0 9.3 (1.6) 2.7 
6 F 65 93 5.1 9.7 (2.0) 3.4 
7 M 64 — 4.6 10.1 (2.2) 5.3 
m 1C2 5.9 9.2 3.9 

(93— 09) (4.681) (7.5—10.9) (2.7—5.3) 





*) The figures in brackets indicate the T4-uptake without addition of stable 


thyroxine. 


dition of increasing quantities of stable l-thy- 
roxine. Amounts of stable l-thyroxine as high as 
five ug to three ml plasma (150 ug per 100 ml) 
only increased the uptake to 8.2 per cent, whereas 
red cells suspended in physiological saline took 
up 44 per cent of the added radioactivity. In 
other words, the full binding capacity of the 
serum proteins was not attained even with ad- 
dition of 150 ug l-thyroxine per 100 ml. 

For the purpose of a numerical assessment of 
the course of the curves, the mean value for the 
Ts uptake by the erythrocytes after addition of 
0.2, 1.0, and 2.0 ug stable l-thyroxine was cal- 
culated. In the seven patients these values were 
found to be less than 5.3 per cent of the added 
activity. The results may be seen from Table 1 
which also lists PBI and T3 uptakes. 


Furthermore, 12 patients with clinical signs of 
thyrotoxicosis were studied. Their B.M.R., PBI, 
and triiodothyronine as well as thyroxine uptake 
by the erythrocytes are shown in Table 2 where 


the patients are listed according to the level of 
their B.M.R. Fig. 2 gives the thyroxine uptake 
curve of Case 4. 

It will be seen that two patients had a normal 
PBI (Cases 8 and 11), three a normal Ts uptake 
(Cases 5, 10, and 11), and five a T4 uptake ap- 
proximately on a level with normal (Cases, 3, 5, 
9, 10, and 12). Two had a normal Ts as well as 
T4 uptake (Cases 5 and 10). Moreover, two 
patients had a highly increased PBI (Cases 1 and 
4). Both had elevated T3 and T4 uptake, presum- 
ably because the TBP had been rather highly 
saturated with thyroxine, so that the labelled hor- 
mones added were only loosely bound by the 
serum proteins. 

As already mentioned, two patients had a nor- 
mal PBI (Cases 8 and 11). Both had a high 
thyroxine uptake by the erythrocvtes, one of 
them (Case 8) also an increased triiodothyronine 
uptake. This patient was incidentally character- 
ized by having a normal uptake of 113! by the 


Table 2. 
Basal Metabolic Rate, PBI, Labelled, Triiodothyronine Uptake and Thyroxine 








Uptake by Human Erythrocytes in 12 Hyperthyroid Persons. 











BMR PBI Ta-uptake Te-uptake ae 
Case _ Sex Age (-10 to (3.0 6e ‘ar. en. pBI!3! 
+10) 80 Mg°) 10.5 %o) 5.3 %o) Af 
1 F 22 183 18.4 20.6 (5.0) 7.5 
2 M 50 183 14.4 11.4 (30) 5.9 
3 F 48 164 8.2 11.7 (2.0) 5.2 n + 
4 M 18 157 19.1 17.1 (5.0) 8.6 
5 F 48 148 8.9 8.6 (2.0) 4.0 
6 F 50 144 10.2 10.7 (3.1) 5.7 
7 M 34 140 — 12.7 (2.1) 65 
8 F 26 139 3.6 8.6 13.5 (2.6) 7.2 n— + nn + 
9 F 68 132 9.8 14.5 (1.6) 3.5 
10 F 46 132 8.7 98 (24) 40 + En 
11 F 40 129 4.2 10.1 (2.6) 7.5 + + 
12 F 46 123 8.5 14.0 (2.4) 4.7 n + 
m 148 10.4 12.9 5.9 
(123-— (3.6— (8.6— (3.5—8.6) 
183) 19.1) 20.6) 





In the last two columns the following 
normal, — = decreased. 


symbols are used + = increased n = 
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thyroid and a normal PBI3!, íe. an apparently 
normally functioning thyroid gland. She was 
studied three months later without having been 
started on medication. Now, she had an increased 
PBI and a high uptake of 113! by the thyroid 
gland as well as a high PBI!3!, Lastly, three pa- 
tients (Cases 3, 9 and 12) had a high red cell 
uptake of triiodothyronine, but a normal thyrox- 
ine uptake. 


Table 3. 
Clinical Signs in 12 Patients with Hyperthyroidism. 











Case Weight loss Goitre Eyesign Tachycardia Tremor eel 
. + + + + Ee + 
: + + — En - + 
. + + — E + + 
e + + — + … + 
8 + + — + + + 
6 + + + + - + 
8 + + + + + + 
… wen + + + - + 
9 _— + mn + el 4 

10 _ de _ 8 aans + 

1 + En + + an hd 

13 + + + — + + 





Table 3 shows some clinical signs in the 12 
thyrotoxic patients listed in the same order as 
in Table 2. Those mentioned first had the most 
severe clinical signs. There seemed to be a 
tendency to a high PBI and a high triiodothyro- 
nine uptake among the patients with fairly severe 
clinical signs. 

The erythrocyte uptake of labelled triiodo- 
thyronine and thyroxine was also studied in two 











Vol? no 4 
zo o 
73 ver 
18 
o 
le 
4 a ° U HYPERTHYROID 
ed . EUTHYROID 
pn ke © MALIGN EXOFTHALMOS 
a THY! 
. 8 & HYPO NYRBOID 
ad . a 
8 0 
4, e 
6 8 à 
4 à 
Ia 
2 
o 2!4 6 8 lo 12 1 Ie 1e 20 PBJ 








Fig. 3. 
Correlation Between Protein-bound Iodine in Serum 
and Erythrocyte uptake of Labelled L-triiodothyronine. 
Abscissa: PBI in ug per 100 ml. 
Ordinate: Erythrocyte uptake of labelled 1-triiodothy- 
ronine in per cent of added radioactivity. 


euthyroid patients with malignant exophthalmos 
and in four patients with myxoedema. 


Table 4 gives the parameters for the two 
patients with malignant exophthalmos. The ery- 
throcyte uptake of T3 was normal, indicating a 
normal binding in the serum proteins. On the 
other hand, the T4 uptake was decreased in one 
of the patients. The T4 uptake curves of these two 
patients are plotted on Fig. 2. 


Table 5 shows the findings in the four patients 
with myxoedema. The T4 uptake curve for Case 1 
is plotted on Fig. 2. It is evident that if the 
erythrocytes were incubated with physiological 
saline solution instead of with plasma, they took 
up an equal amount of T4 whether they were 


Table 4. 
Basal Metabolic Rate, PBI Labelled Triiodothyronine Uptake and Thyroxine 
Uptake by Human Erythrocytes in 2 Patients with Malignant Exophtalmos. 

















pan. 
BMR PBI Tz-uptake Te-uptake 
Case Sex Age (-10 to 3.0- frs : ar. ne PBI!31 

+10) 80 Mg°o) 10.5 °0) 5.3 Oo) he 4 
1 F 63 97 3.8 6.5 (2.0) 3.4 n + 
2 F 41 119 6.3 7.4 (1.6) 2.3 n En 
m 108 5.1 7.0 2.9 

(97— (38— (65— (2.3—3.4) 

119) 6.3) 7.4) 

Table 5. 


Basal Metabolic Rate, PBI, Labelled Triiodothyronine Uptake and Thyroxine 
Uptake by Human Erythrocytes in Patients with Myxoedema. 














ya. 
BMR PBI Ta-uptak Te-uptak 
Case Sex Age (-10 to (3.0- 60 ; CX ä rd PB1!3! 

+ 10) 8.0 Hg°®o) 10.5 %o) 5.3 /o) id ú. 
1 F 60 67 5.2 5.0 (1.0) 2.3 — n 
2 F 58 68 0.6 3.6 (1.2) 3.2 — 
3 F 71 69 0.8 4.7 (1.0) 2.3 -— 
4 M 56 83 3.8 7.8 (0.8) 3.8 — n 
m 71.8 2.6 5.3 2.9 

(67— (0.6— (5.6— (2.3—3.8) 
83) 5.2) 7.8) 
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Fig. 4. 
Correlation Between Protein-bound Todine in the Se- 
rum and Erythrocyte Uptake of Labelled L-thyroxine. 
Abscissa: PBI in ug per 100 ml. 
Ordinate: Erythrocyte uptake of labelled l-thyroxine 
in per cent of added radioactivity. 


derived from hyperthyroid, euthyroid, or hypo- 
thvroid patients. 

All four patients showed typical clinical signs 
of myxoedema. Only two of the patients had a 
low PBI (Cases 2 and 3). Both had a lowered 
triiodothyronine uptake by the erythrocytes and 
one of them (Case 3) also a decreased thyroxine 
uptake. Case 1 had a normal PBI, but a reduced 
Ts and T4 uptake, indicating an increased binding 
of hormones to the serum proteins. Case 4 had a 
normal PBI as well as a normal T3 and T4 up- 
take, but the in vivo 113! test was typical of 
myxoedema. 


DISCUSSION AND CONCLUSION 

The clinical severity of hyperthyroidism or 
hypothyroidism is determined to some extent by 
how much thyroid hormone is given off, per time 
unit, from the hormone-protein complex in the 
serum. The higher this concentration and the 
looser the hormone binding, the more severe is 
the hyperthyroidism. The reverse applies in hypo- 
thyroidism. A measure of the concentration of 
the hormone-protein complex is afforded by 
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Fig. 5. 

Correlation Between Erythrocyte Uptake of Labelled 
L-triiodothyronine and of Labelled L-thyroxine. 
Abscissa: Erythrocyte uptake of labelled 1-triiodo- 

thyronine in per cent of added radioactivity 
Ordinate: Erythrocyte uptake of labelled I-thyroxine 
in per cent of added radioactivity. 


Fig. 6. 

Correlation Between Basal Metabolic Rate and Ery- 
throcyte Uptake of Labelled L-triiodothyronine. 
Abscissa: Basal metabolic rate in per cent of normal. 
Ordinate: Erythrocyte uptake of labelled 1-triiodo- 
thyronine in per cent of added radioactivi- 

ty. 


the protein-bound iodine, and a measure of the 
binding affinity is afforded by the determination 
of the T3 and T4 uptake by the erythrocytes 
which will be increased, as the protein binding 
decreases. An increase in the protein-bound 
iadine in the serum presumably per se conditioas 
a looser binding of the hormone in the hormone 
protein complex, since the number of binding 
sites available to T3 and T4 will be decreased 
(10, 13, 18, 24). Figs. 3—8 illustrate the relation- 
ship between the different parameters in the 25 
patients studied. 

An unmistakable correlation was found be- 
tween the PBI and the T3 uptake by the erythro- 
cytes (Fig. 3) as well as between the basal meta- 
bolic rate and the T3 uptake (Fig. 6), a rising 
metabolic rate and PBI being associated with in- 
creasing T3 uptake as also demonstrated in a 
previous paper (9). Supposing that the level of 
the basal metabolic rate is a reasonable measure 
of the severity of hyper- or hypothyroidism, the 
severity of the condition is determined to some 
extent by the binding of triiodothyronine to the 
serum proteins. 














| GO HYPERTHYROID 
. EUTHYROID 
© MALIGN EXOFTHALMOS 
| ! & HYPOTHYEOID 
| 
74 UPT. | 
10- | 
a 
wi | hed e ie 
é. E N 
u TE 
4 n en vn 8 a 
2: PN o 
o- 


5o 60 10 80 90 LO No 120 130 Mo 150 160 170 180 190 BMR 
Fig. 7. 

Correlation Between Basal Metabolic Rate and Ery- 
throcyte Uptake of Labelled L-thyroxine. 
Abscissa: Basal metabolic rate in per cent of normal. 
Ordinate: Erythrocyte uptake of labelled 1-thyroxine 

in per cent of added radioactivitv. 
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Fig. 8. 
Correlation Between Erythrocyte Uptake of Labelled 
L-thyroxine with and Without Addition of Stable 
L-thyroxine. 
Erythrocyte uptake of labelled l-thyroxine 
after addition of stable l-thyroxine in per 
cent of added radioactivity. 
Ordinate: Erythrocyte uptake of labelled 1-thyroxine 
without addition of stable l-thyroxine in 
per cent of added radioactivity. 


Abscissa : 


Between the basal metabolic rate — PBI and 
the T4 uptake by the erythrocytes, evaluated by 
the present technique, there does not appear to 
be such a distinct correlation (Figs. 4 and 7), 
although there is a tendency to an elevated B.M. 
R. and the PBI entails an increased T4 uptake by 
the erythrocytes and a reduced binding affinity 
in the serum proteins. 

Fig. 5 illustrates the relationship between the 
T3 and the T4 uptake by the erythrocytes. In- 
creasing T3 uptake tends to involve an increasing 
T4 uptake, but there are several exceptions. Thus, 
3 patients had a high T3 uptake, but a normal T4 
uptake. Reversely, one patient had a high T4 up- 
take, but a normal T3 uptake. 

In other words, a reduced binding affinity for 
one thyroid hormone does not necessarily seem 
to entail a reduced binding affinity for the other 
hormone, when assessed by the present technique. 
In 24 persons, Korsgaard Christensen 
(18) compared the T3 uptake by the erythrocytes 
in the presence of homologous plasma with the 
concentration of free, labelled thyroxine in the 
serum (about 1/1000 of the concentration of the 
total amount of labelled hormone added). He 
found conformity between the T3 uptake and the 
concentration of T4, in so far as a low T3 uptake 
was found in persons (pregnant women) with a 
low concentration of free thyroxine, while a high 
T3 uptake was found in persons (hyperthyroid 
subjects) with a high concentration of free thy- 
roxine. 

This is not in keeping with the present study 
in which the T3z and T4 uptake by the erythro- 
cytes did not necessarily go together. According 
to Korsgaard Christensen (18), the up- 
take of labelled hormone by the erythrocytes is 
proportional to the concentration of free, labelled 
hormone in the plasma. This discrepancy may 
possibly be due to the present method for evalu- 
ating the erythrocyte uptake curves for T4. If a 
single value, such as the addition of two ug stable 


creased T4 uptake without addition of stable thy- 
roxine being observed in patients with increased 
uptake of T4 when stable thyroxine was added. 

It is worth paying attention to the two hyper- 
thyroid patients and the two hypothyroid patients 
with normal PBI (Table 2, Nos. 8 and 11, and 
Table 5, Nos. 1 and 4). One of the hyperthyroid 
ones (Case 8) showed a reduced binding affinity 
of the serum proteins for T3 and T4 but, as also 
stated above, a normal 113! uptake and PBI!3!. The 
other hyperthyroid patient with a normal PBI 
(Case 11) showed a reduced binding affinity of 
the serum proteins for T4. 

One of the hypothyroid patients with a normal 
PBI showed increased binding of T3 and T4 to 
the serum proteins, while the other one (Case 4) 
showed normal binding. 

Thus, in certain cases of hyperthyroidism and 
hypothyroidism there seem to be changes of the 
thyroid hormone-binding serum proteins without 
any change in the concentration of the protein- 
bound iodine. The mechanism is an open ques- 
tion. The sera of some of the patients were 
studied by paper electrophoresis. Out of those 
with hyperthyroidism Cases 4, 8, and 10 showed 
entirely rormal conditions, whereas Case 2 had 
slight hypoalbuminaemia. As far as the hypo- 
thyroid patients are concerned, normal condi- 
tions were found in all three on whom electro- 
phoresis was done. (Cases 1, 3, and 4). In all the 
patients the total concentration of the serum 
proteins was normal. 

Accordingly, the alterations in the hormone 
binding cannot be explicable by shifts in the 
serum proteins as measured by paper electro- 
phoresis. 


SUMMARY 


The basal metabolic rate, the protein-bound 
iodine, the uptake of l-thyroxine and of l-triiodo- 
thyronine by human erythrocytes were studied 
in 25 persons: Seven normal subjects, 12 patients 
with hyperthyroidism, two euthyroid persons 
with malignant exophthalmos, and in four pa- 
tients with myxoedema. A correlation was found 
between the basal metabolic rate and the PBI on 
the one hand and the T3 uptake by the erythro- 
cytes, reflecting the binding affinity of the serum 
proteins for T3, on the other. Reversely, the corre- 
lation is less marked in the case of T4, uptake. 
Moreover, it is demonstrated that an increased 
T4 uptake need not be accompanied by an in- 
creased Ts; uptake or vice versa. 
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Two hyperthyroid patients and one hypothy- 
roid patient with a normal PBI showed changes 
in the erythrocyte uptake of T3 and T4 indicating 
alterations in the binding affinity of the serum 
proteins. 


SUMMARIO 


Se ha studiate le rata basal metabolic, le iodo 
ligate a proteina (PBI), le acceptation de 1-thy- 
roxina e de 1-triiodothyronina per erythrocytos 
human in 25 personas: Septe subjectos normal, 12 
patientes con hyperthyroidismo, duo personas 
euthyroide con exophthalmos maligne, e in quatro 
patientes con myxoedema. Un correlation esseva 
trovate inter le rata basal metabolic e le PBI al 
un latere, e al altere latere le acceptation de Ts 
per le erythrocytos, que reflecta le affinitate 
ligatori del proteinas seral a Ts. Reversemente, 
le correlation es minus marcate in caso de accep- 
tation de T4. In plus, il é$ demonstrate que un 
acceptation augmentate de T4 non necessarimente 
es accompaniate per un augmento del acceptation 
de Tz o vice versa. 

Duo patientes hyperthyroide e un hypothyroide 
con PBI normal monstrava cambiamentos in le 
acceptation erythrocytic de T3 e T4 lo que indica 
alterationes in le affinitate ligatori del proteinas 
seral. 
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URINARY EXCRETION 
OF ESTRIOL DURING NORMAL PREGNANCY 


By V. AASTED FRANDSEN & GEORG STAKEMANN 


Although it has been known for more than 30 
years that pregnant women excrete an enorm- 
ously increased amount of estrogens in their urine, 
this fact has not been of much importance to the 
clinician. This has most probably been due to 
the lack of convenient and accurate methods of 


From Statens Seruminstitut, Hormone Department 
and the Departments of Obstetrics A and B, Rigshospi- 
talet, University of Copenhagen. 





estrogen analysis, but during the last five vears 
reliable chemical methods have been worked out. 
Yet an ideal chemical method seems impossible 
to obtain, as it should account for all the differ- 
ent estrogens found in the urine. Today 12 such 
hormones are known and more will probably be 
forthcoming. An analysis covering them all would 
be both complicated and very impractical. 

We decided therefore to analyze for one estro- 
gen only, and as our primary purpose was to 
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Fig. 1. 
Estriol Excretion during Normal Pregnancy. 
(21 cases). 


investigate the conditions during pregnancy, we 
have chosen estriol. This estrogen constitutes 
the greatest fraction of the estrogens excreted in 
the urine during pregnancy, at term about 90 per 
cent (B ro wan 1957, Zondek & Pfeiffer 
1959). 


One of us (Frandsen 19650) has developed 
a convenient, simple, and reliable estriol analysis; 
the result is available in 24 hours, and one tech- 
nician can easily carry out 16 analysis in one day. 


MATERIAL 

With this method the urinary output of estriol 
during normal pregnancy has been studied. 
Twenty normal pregnant women collected urine 
in 24-hour periods once a week from about the 
fourth month of gestation (some earlier and a few 
later) until delivery. In this way altogether 415 
specimens became available for estriol analysis. 


The results are shown in Fig. 1. In Fig 2 the 
dotted area covers 95 per cent of the values 
found, and the curve represents the average ex- 
cretion. 

As will be seen, there was a considerable 
variation in the amounts of excreted estriol, but 
this was mostly due to variation between indi- 
viduals. The excretion of an individual woman 
followed a rather smooth curve, either at a high 
or at a low level. Fig. 3 shows the excretion of 
the woman with the highest and the one with 
the lowest excretion of estriol found in this in- 
vestigation; both pregnancies were uneventful 


and both ended with delivery of a normal, full 
term infant. High or low execretions were inde- 
pendent of the foetal sex. 











Fig. 2. 
Estriol Excretion during Normal Pregnancy. Dotted 
Area Represents more than 95 per cent of the Values 
Found. 


In some pregnancies a smoothly rising estriol 
exeretion curve might be interrupted by a sudden 
drop lasting one or two weeks only; in most of 
these pregnancies the woman at this time com- 
plained of an infectious disease, usually in the 
upper respiratory tract. The significance of this 
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Cases of Normal Pregnancies with Highest and 
Lowest Estriol Excretion. 
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Fig. 4. 
Estriol Exeretion during acute Infection. 


observation, if any, is not known. Fig. 4 shows 
such a situation. 

At term the excretion of estriol varied from 16 
to 25 mg/24 hours. This variation could be due to 
variations in the size of the placenta, which is 
generally assumed to be the site of estriol pro- 
duction during pregnancy. 

In Fig. 5 the amount of estriol excreted at 
term is plotted against the placental weight for 
each individual. As can readily be seen, there is 
no relation between these two factors. 

However, if the estriol values are plotted 
against the weight of the infants as in Fig. 6, 
there seems to be a relation, so that a large 
foetus is associated with a high maternal urinary 


Estriol 
mg, 24 hours 
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Fig. 5. 
Correlation with Placental Weight. 


estriol execretion. Statistical analysis of our fi- 
gures gives a cofficient of correlation of 0,487 
between foetal weight and the amount of estriol 
excreted at term, indicating that the relation 
most probably is real (probability greater than 
95 per cent). 

Two women excreted amounts of estriol rela- 
tively too high and two others amounts relatively 
too low, compared with the weights of their 
infants. All four pregnancies were uneventful 
and so were the deliveries. No explanation of this 
“abnormal” estriol excretion can be offered. 

The two encircled dots in Figs 5 and 6 repre- 
sent amounts of estriol excreted by a normal 
twin-pregnancy at term, plotted against the com- 
bined weights of the twins. 
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Fig. 6. 
Correlation with Foetal Weight. 


DISCUSSION 

The values for estriol exeretion during normal 
pregnancy given in the literature vary greatly; 
this is most probably due to the different meth- 
ods used for the analysis. Our values are in good 
agreement with those of Brown et al. (1959), 
but higher than those of Mayer (1950), Anker 
(1955), and Zondek & Pfeiffer (1959). 

The finding of a positive correlation between 
foetal weight and estriol excretion at term, and 
no correlation with placental weight, could in- 
dicate that the origin of estriol should be looked 
for not in the placenta, but rather somewhere in 
the foetus itself. 


SUMMARY 

With a new method of analysis the urinary 
estriol excretion of twenty women with normal 
pregnancies was examined once a week. The 
amounts of excreted estriol showed great varia- 
tions from individual to individual, at term from 
16 to 25 mg/24 hours. A positive correlation was 
found between the estriol execretion at term and 
the weight of the infant. 
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SUMMARIO 

Le excretion urinari de estriol de vinti feminas 
con pregnantias normal esseva examinate un vice 
per septimana per medio de un nove methodo 
analytic. Le amontas excretate de estriol mon- 
strava grande variationes de individuo a in- 
dividuo, al termine inter 16 e 25 mg/24 horas. Un 
positive correlation esseva trovate inter le ex- 
cretion de estriol al termine e le peso del infante. 
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URINARY EXCRETION 
OF ESTRIOL IN PATHOLOGIAL PREGNANCIES 


By V. AASTED FRANDSEN & GEORG STAKEMANN 


Especially during the last trimester, there are 
many cases of complicated pregnancy in which 
an estimate of the placental function is badly 
needed in order to decide whether the pregnancy 
should continue or whether artificial labour 
should be induced or a caesarean section per- 
formed. 

One of the placental functions can be estimated, 
the hormone production, by assays on the ma- 
ternal urine. At this stage of pregnancy the pro- 
duction of gonadotrophins is too low to give re- 
kiable results. The progesterone production, meas- 
ured by the maternal pregnandiol excretion, is 
somewhat better as an estimate of placental func- 
tion (Borth & de Watteville 1952, Ru s- 
sell 1958, and others), but it has certain draw- 
backs; in cases of foetal death the pregnandiol 
excretion decreases rather slowly, and in cases 
of albuminuria the protein interferes with the 
analvsis (Bradbury & Kent 1957). 

The estrogen production seems to offer the best 
opportunity for getting an estimate of the pla- 
cental function. Using the method of Frandsen 
(1960) for estriol analysis, we have investigated 
the maternal estriol output in various groups of 
pathological pregnancies. 


MATERIAL 
Foetal death. 

In 20 cases of suspected foetal death the estriol 
excretion in 24-hour specimens of urine was in- 
vestigated. 

The results are presented in Table 1. When 
possible several 24-hour specimens were ana- 
Iysed, and the figures given represent the aver- 
age. As can be seen from the first four columns 
there was clinically not much doubt concerning 
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E Estríol Infants 
No heart- No move- Bufo Estriol mg/24 h. weight 
No. sounds ments test M8/24 h. _jowest (D—dead) 
(days) (days) found normal (L=live) 
1 >3 9 En 2.9 9.0 D, 850 
2 >2 6 2.2 15.0 D, 1900 
3 >1 10 0.2 7.0 D, 4000 
4 >1 7 + 3.3 4.6 D, 880 
5 1 ann 0.4 50 _D, 42 
6 >3 35 0.4 8.5 D, 950 
7 2 2 1.6 13.5 D, 3000 
8 (+) 14 0.8 15.5 D, 3300 
9 2 2 1.1 7.0 D, 1700 
10 >2 14 0.7 8.0 D, 1550 
11 Va Va 24 11.0 D, 1100 
12 1 1 2,4 8.5 D, 1300 
13 >2 13 0.4 10.5 D, 750 
14 >4 7 22.9 15.0 D, 3750 
15 >5 14 0.7 5.5 D, 500 
16 — — Bal 0.1 6.0 D, 450 
17 1 1 1.4 9.5 D, 1900 
18 (+) _uneertain 27.6 8.5 L, 3700 
in 3 
19 (+) + 10.4 12.0 L, 3250 
20 1 2 12.9 4.5 L, 1100 
Table 1. 


Suspected Foetal Death. 


the condition of the foetus in the majority of the 
cases, vet in three cases with a dead foetus the 
Bufo-test was positive. Column 4 shows the 
amounts of estriol excreted and column 5 the 
lowest output found in a normal pregnancy at 
the same stage. 

In 19 out of 20 cases the estriol excretion gave 
a correct answer to whether the foetus was dead 
or alive. The only exception is case No. 14. 


Case No. 14: This woman was a 32 year old mar- 
ried primigravida. Pregnancy had been uneventful, 
but shortly before term foetal movements suddenly 
stopped. She was admitted to the hospital a few days 
later, at which time no foetal sounds could be heard. 
Urine was collected for estriol analysis. Twelve hours 
after this was completed and following a short labour, 
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Fig. 1. 
Case No. 11. 


she delivered a dead, macerated male infant of 3750 g. 
The estriol analysis showed an excretion of not less 
than 22.9 mg/24 hours. 


It is strongiy felt that this contradictory result 
is due to her urine having been exchanged by 
mistake with that of a normal pregnant woman. 
She went so quickly into labour that only one 
urine specimen could be collected. Yet the result 
must be registered as a failure of the method to 
diagnose foetal death. The diagnosis of foetal 
death should therefore always be based on the 
analvsis of at least two specimens of urine. 

Two other cases are of special interest, No. 11 
and No. 17. 


Estriol 
mg/24 hours 


16 4 








30 32 34 36 


Fig. 2. 
Case No. 17. 


Case No. 11: A 28 vear old married woman. In 1953 
she delivered an infant of 1100 g which died a few 
days later; in 1956 she delivered a female infant of 
3150 g who is living and well. In both these preg- 
nancies she had moderate hypertension and slight 
albuminuria. When first seen this time she was 12 
weeks pregnant; blood pressure and urine were nor- 
mal. Weekly estriol analyses were started (Fig. 1). 
Everything was normal until the 24th week, when 
the blood pressure rose to 165/110. She was admitted, 
treated with bedrest and low salt diet. Under this 
treatment the blood pressure was lowered somewhat. 
At the 32nd week BP was 150/85, but now the urine 
for the first time contained albumen, which persisted. 
A few hours after the last urine specimen had been 
collected (36th week), no heart-sounds were heard 
when routinely checked and foetal movements had 
stopped. Two days later she delivered a stillborn, 
female infant of 2400 g; '/s of the placenta was 
infarcted. 

Case No. 17: A 24 vear old married woman. In both 
her two previous pregnancies the foetus had died 
suddenly approximately one month before term from 
unknown causes. Because of the history she was this 
time admitted to the hospital when she was 29 weeks 
pregnant, although everything apparently was normal, 
except that the foetus seemed to be rather small. The 
excretion of estriol was examined twice weekly (Fig. 
2). The excretion of estriol was low at the beginning, 
but at the 35th week it had risen to 13 mg/24 hours. 
Then it began to decrease. At the arrow she com- 
plained of feeling fewer foetal movements than usual, 
and two days later no heart sounds could be heard. 
Two days thereafter she delivered a stillborn female 
infant of 1900 g; */5 of the placenta was degenerated. 


DISCUSSION 

The enormously increased amounts of estrogens 
excreted in pregnancy are supposed to be pro- 
duced by the placenta, but only if the circulation 
through the foetal vessels is intact (Ten Berge 
1958, Cassmer 1959). If this circulation is in- 
terrupted by foetal death the estrogen production 
decreases rapidly, apparently within the first 24 
hours. The amounts of estrogens in the maternal 
urine drop to low levels such as are never found 
when the foetus is alive. This is seen from our 
material (Table 1), where the values found in 
cases of foetal death differ markedly even from 
the lowest values found during normal pregnancy. 

The two reported cases (Nos. 11 and 17) illu- 
strate how foetal stress can be accompanied by 
a decreased urinary excretion of estriol. In this 
way serial analysis can warn the clinician that 
the foetus is in danger. In our Case no 11 (one 
of our earliest) the foetus could undoubtedly have 
been saved by caesarean section; in Case No. 17 
the foetus was thought to be too small to justify 
this operation. 

In conclusion it is felt that a moderately de- 
creased excretion of estriol indicates that the 
foetus is in danger, and that extremely low values 
mean that the foetus hos died; such conclusions, 
however, should always be based upon the results 
of at least two urine specimens. 
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POSTMATURITY - 

This is not the place for a discussion of the 
problems connected with postmaturity. Only onc 
problem should be mentioned. In such cases pla- 
cental dysfunction may occur (Clifford 1957, 
Gibberd 1958, and others). If this is so, it 
would be reasonable to assume that the estriol 
excretion would be affected in some way. 


We have investigated the estriol excretion of 
ten women, who had not vet delivered 42 weeks 
after the last menstrual period. 

The results are plotted in Fig. 3, together with 
the weights of the infants, and the excretion 
during normal pregnancy is shown for compari- 
son. Most of the dots represent the average of 
two analyses. 

The dots are very scattered. In four cases the 
excretion seems to be well within normal limits 
(that is “normal” at term), one is right at the 
lowest limit, but not less than five are still lower. 

This group of patients is very heterogeneous. 
In some of the cases the dating of the last period 
obviously must be wrong. Nevertheless, if a low 
excretion of estriol indicates a poor placental 
function, this appears to be the case in a large 
fraction of cases of postmaturity. 


Fetrie 











«8 


Fig. 3. 
Estriol Excretion in Ten Cases of Postmaturity. 
Figures at Dots Represent the Weight of the 
Infants in g. 


THREATENED PREMATURE LABOUR 

Although a number of factors predisposing to 
premature labour are known (Ngrregaard 
1953, and others), in most cases nothing is known 
of the actual mechanism leading to premature 
delivery. As shown by Fuchs & Stakemann 
(1958, 1960), the outcome can not be predicted 
once clinical symptoms are present. About one 
half of the patients will deliver within a few 


days, while in the other half the symptoms sub- 
side, and the pregnancies continue. Administra- 
tion of progesterone in fairly high doses (100 
200 mg/day) does not alter this. 

In 34 cases of threatened premature labour we 
have investigated the estriol excretion, partly to 
see if there were any abnormalities in the ex- 
cretion, when symptoms were present but actual 
labour had not started; and partly to see if 
anything about the outcome could be predicted 
from serial analyses, when labour was postponed 
by the routine treatment (bedrest, and in some 
cases injections of progesterone, 100 mg a day). 

In Table 2 the figures represent the number of 
cases in each group, and the results are broken 
down according to the dominating symptoms. 


























Table 2. 
Threatened Premature Labour. 
Delivery 
TO patent 
infant infant 
id ad 
Estriol imme- 8 
Symptom excretion diate 8 Et Total 
Vv A 
n low 0 1 1 2 
Bleeding normal 3 1 7 11 
. à low | 0 2 3 
Contractions normal 0 0 9 9 
Passage of low | 0 0 1 
amniotic fluid normal 3 3 2 8 
34 





Figures represent number of cases (see text). 


As can be seen, cases of threatened premature 
labour most often have an excretion of estriol 
within normal limits. Only six of the 34 cases 
had a lower excretion. Also a low estriol ex- 
eretion does not mean that every chance of con- 
tinuing the pregnancy has been lost; of the six 
cases three went on to term and one went on for 
three weeks, at which time a living infant of 
1100 g was delivered. In all these four cases the 


low estriol excretion values quickly rose to nor- | 


mal ones. 


Of the 28 patients with a normal excretion of | 


estriol, 18 went on to term and four continued 
the pregnancy for several weeks. 
Based on these results the conclusion is reached 


that nothing is gained by estriol analyses in | 
regard to predicting the outcome of threatened | 


premature labour, although of course foetal death 
can be diagnosed. (Cases in which no heart 
sounds were audible and/or foetal movements 
were not felt were excluded from this series). 


SUMMARY 
Urinary estriol excretion was studied in various 
groups of pathological pregnancies. In nineteen 
out of twenty cases of suspected foetal death the 
analyses gave a correct answer to whether the 
foetus was dead or alive. In ten cases of post- 
maturity five had a low output of estriol, From 
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the results of 34 cases of threatened premature 
labour it is concluded that it is impossible to 
predict anything about the outcome of the preg- 
nancy from the amounts of estriol excreted. 


SUMMARIO 

Le excretion urinari de estriol se studiava in 
varie gruppos de pregnantias pathologic. In de- 
ce-nove casos ex vinti de suspectate morte fetal 
le analyse respondeva correctemente le question 
si le feto esseva morte o vive. In dece casos de 
postmaturitate cinque monstrava un basse rendi- 
mente de estriol. Ab le resultatos de 34 casos de 
prematur labor tractate se conclude que il es 
impossibile predicer alique concernente le resul- 
tato del pregnantia ab le amontas excretate de 
estriol. 
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ATYPICAL AND TYPICAL CASES 


By VAGN SELE and DYRE TROLLE 


During the period 1954—1959, from among the 
patients referred on account of amenorrhoea 28 
cases were found which, following more detai- 
led investigation, were considered to suffer from 
aplasia or dysplasia of the gonads. 

The diagnosis of aplasia of the gonads was 
verified at operation in 14 cases and the diag- 
nosis of dysplasia of the gonads in two cases. 
Twelve patients were not submitted to operation. 

Out of the 28 cases in which the diagnosis was 
presumed, nine have been published previously 
(Hammen 1956). Three of these nine cases 
were submitted to operation. At operation, apla- 
sia of the gonads was found in two cases and 
dysplasia in one case. These three patients were 
chromatin-negative. 

In the nine cases, H a m men found by nuclear 
sex investigation that seven were chromatin- 
negative. The distribution according to nuclear 
sex determination in the 19 cases later encounter- 
ed showed three cases to be chromatin-negative 
and 16 positive. Thirteen out of these 19 patients 
were submitted to operation and aplasia of the 
gonads was found in 12 and dysplasia in one case 
(this latter patient was chromatin-positive). 


PRESENT MATERIAL 
Several of the 12 cases of aplasia of the gonads 
confirmed by operation differ both clinically 


From The Gynaecological Department I, Rigshospi- 
talet, University of Copenhagen (Professor Erik Ryd- 
berg). With the financial support of The Fund from 
Dec. 21, 1956 for Promotion of Medical Research. 





and in the laboratory findings from what is, as a 
rule, regarded as typical, 

In Table 1 the clinical data and the laboratory 
findings are presented schematically for the 12 
patients, 


Clinical Signs of Oestrogen Influence. 

Three of the patients (Nos. 1, 7 and 11) stated 
that at the age when puberty was anticipated 
they experienced spontaneous genital bleeding 
on one or two occasions which ceased again. 
One of these patients was chromatin-negative and 
the other two chromatin-positive. Their heights 
were 143, 156 and 164 cm respectively. It is 
even more remarkable that the chromatin-nega- 
tive patient had genital bleeding following 
treatment with PMSG (Antex®, Leo) and HCG 
(Physex®, Leo) at the age af 18 to 24 vears 
(according to information from the gynaecologi- 
cal specialist who had treated her). When this 
material of patients with aplasia of the gonads 
was concluded, the authors had another patient 
aged 19 years who stated that at the age of 15 
vears she had regular monthly bleedings for a 
whole year, occurring spontaneously. These be- 
came more scanty and at longer intervals and 
finally ceased. The patient was chromatin-posi- 
tive. Typical aplasia of the gonads was found 
at operation. 

One patients (No. 4) had normal breasts. She 
had never been treated with hormones and had 
a normal puberty at the expected time without, 
however, genital bleeding. Now, at the age of 
19 vears, she is feminine in appearance with 
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Table 1, 


The Clinical Data and Laboratory Findings in 12 Cases of Aplasia of the Gonads Confirmed at Operation. 
+ Indicates a Positive Finding; o Indicates a Negative Finding; ? Indicates that this Finding Cannot be 








































































































Evaluated on Account of Previous Hormone Therapy; inf. = Infantile and Norm. = Normal. 
Case No. 1 | 2 | 3 4 | Ek ak” | 7 | 5 | 9 | 10 | 1 12 
i T 
Clinical signs of oestrogen | | 
OE arnesnsserensjn. | | 
a. Spontaneous bleeding … … o o o o | o + o o o + o 
b. External genitalia ..…….… ? ? inf. [norm./ inf inf. inf. inf. inf. ? | inf. ? 
c. Development of breasts 2 4 o [norm o o o o o ? o ’ 
6 PER ME ese. ? 2 T+) + | (+) 2 ICH) (H+) |+) 2 (+) ? 
e. Axillary hair ........ | ? ? |+) 2 ICH) (+) | (+) 2 (+) ? 
DR. tbe | | 
GER Hines cs | 143 145 140 135 150 
EUD ORB aaneen | 166 161 156 161 8 164 162 
! mmm 
Malformations …..........…. | + | J- | d- | o | + | + | o | + | + | ‚ | + | + 
me | | | 
Excretion of gonadotrophin | | | | | | | 
in urine per 24 hours … | | | | | 
WER ME see En | 230 | 120 | 180 | + | 160 | 230 | 200 | 290 | 270 | 400 | 290 
EMM aanne swans + | | | | + | | | 
Sex chromatin ........... | neg. | pos | pos | pos pos | pos. | pos. pos. | pos. | pos. pos. | pos. 
| 
Excretion of 17-ketosteroids | | | | | 
in urine per 24 hours … 8.0 | 6.5 | 10.7 | 21.6 4.5 | 5.7 14 | 11.0 | 10.8 9.7 | 10.2 6.5 
Age in years at diagnosis | 29 | 28 | 22 | 19 | 26 | 24 | 18 | 24 | 19 | 22 | 19 | 18 
normal external genitals and breasts. She is 166 (1958). From two to five determinations were 


cm in height, chromatin-positive, and there are 
no malformations, 

Other authors (Hoffenberg et al. 1957) 
mention patients with aplasia of the gonads con- 
firmed by operation with similar surprising fin- 
dings. 


Height. 

The patient who was found to be negative bv 
sex chromatin investigation was 143 cm in height. 
Out of the 11 chromatin-positive patients only 
four were less than 155 cm. 

Normal heights in patients with aplasia of the 
gonads have been described previously by Del 
Castillo et al. (1947) and Hoffenberg 
et al. (1957) among other authors. 


Malformations. 

In nine out of the 12 patients malformations 
of various types were found as is also described 
by other authors. In three patients ordinary cli- 
nical investigation did not reveal malformations 
nor did these patients have any signs of cardiac 
deformities or malformations in the urinary 
tract (urography). 


Exrcretion of Hypophyseal Gonadotrophin. 

The excretion of hypophyseal gonadotrophin 
in the urine per 24 hours was determined accord- 
ing to the 


method described by Johnsen 


performed in each patient. The average excretion 
values are recorded in Table 1. 

In patient No. 1 who was chromatin-negative 
the above mentioned method was not employed. 
The excretion of gonadotrophin in this patient 
was found to be more than 50 mouse units on 
two occasions and less than 50 mouse units on 
two occasions. More accurate values cannot be 
given by the method employed. 

Patient No. 5 excreted less than 50 mouse units 
on two occasions with the method of determina- 
tion previously employed and 60, 27 and 33 
mouse units, respectively, on three quantitative 
determinations. Hertz et al. (1950) previously 
described a case of aplasia of the ovaries with 
normal exeretion of gon \dotrophic hormone. 


Nuclear Sex. 

Nuclear sex examination carried out on smears 
from the oral and vaginal mucous membranes 
(13) revealed one patient to be chromatin-nega- 
tive and 11 chromatin-positive*). In contrast to 
other authours, the present material shows con- 
siderable predominance of chromatin-positive 
cases. Briggs & Kuppermann (1956) 
found, however, among 18 cases of “Turner'’s 








*) In patient No. 9 Riis & Fuchs (p. 104, this 
issue) have found double sex chromatin in a 
large percentage of the cells. 
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syndrome” 10 cases which were chromatin-posi- 
tive. 


Excretion of 17-ketosteroids. 

Jones & Scott (1958) state that the excre- 
tion of 17-ketosteroids is rarely over 8 mg per 
24 hours and most frequently from 2 to 5 mg. 

In the present work, the method of determi- 
nation of 17-ketosteroids given by Johnsen 
(1956) was employed. The normal values are 
regarded as 4 to: 18 mg per 24 hours for the age 
group 16—30 vears. 

As is apparent from the Table, the excretion of 
17-ketosteroids does not tend to be definitely low 
in the present cases and one patient (No. 4) 
excreted more than the upper normal limit (ave- 
rage of four investigations with: 19.6, 14.3, 29.8 
and 22.8 mg). 


DISCUSSION 
The nuclear sex distribution in the material of 
“Turner’s syndrome” as a whole from this De- 
partment was chromatin-negative in 10 cases and 
chromatin-positive in 18 cases. In the first nine 
cases described from the Department (H a m men 
1956) seven were chromatin-negative. Among the 
19 subsequent cases the distribution was thus 
three chromatin-negative and 16 chromatin-posi- 
tive. This discrepancy in the findings of sex 
chromatin in the two materials from the same 
department may, thus, be due to chance on ac- 
count of the limited number of patients, but it 
may also be due to the fact that all of Ham- 
me n’s nine cases were clinically very character- 
istic while among the present 19 cases there were 

also clinically atypical cases. 


Patient No. 4 who had raised excretion of 17- 
ketosteroids presented, as previously mentioned, 
no clinical signs of aplasia of the gonads. It might 
be presumed that the weil-developed sex charac- 
teristics in this patient had been produced by 
increased adrenal activity. In this patient, how- 
ever, low excretion of oestrogenic hormone was 
found. Dubois (1953) moreover, considered 
that the adrenals do not, as a rule, take over 
the function of the ovaries in cases of confirmed 
aplasia of the gonads. 


CONCLUSION 

In aplasia of the gonads there are no clinical 
nor laboratory findings which are pathognomonic 
and none of the typicaì and characteristic find- 
ings are esential for the diagnosis. In each of 
the 12 patients in this material at least one of the 









six characteristic findings was present. Three 
of the patients had typical findings despite pre- 
vious scanty spontaneous bleeding and, therefore, 
in the future it will not be possible to exclude 
patients with secondary amenorrhoea a priori 
from the diagnosis of aplasia of the gonads. 


SUMMARY 

Tvelve cases of aplasia of the gonads which 
were verified at operation are reported. There 
are no clinical nor laboratory findings which are 
pathognomonic. The diagnosis must be consider- 
ed in all cases of amenorrhoea if there are other 
features favouring this. The diagnosis of aplasia 
of the gonads can only be established with 
certainty when the internal genitalia have been 
inspected. 


SUMMARIO 

Es reportate dece-duo casos de aplasia gonadic 
que esseva verificate operativemente. Nulle tro- 
vatas clinic o laboratorial esseva pathognomonic. 
Le diagnose ha a esser considerate in omne casos 
de amenorrhea, si il ha altere tractos in favor de 
isto. Le diagnose de aplasia del gonados es esta- 
blite con certitude solmente quando le genitalios 
interne ha essite examinate. 
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THE PRACTICAL VALUE OF 
SEX CHROMATIN EXAMINATION IN ENDOCRINE DISEASES 
AND SEXUAL MALFORMATIONS 


By POVL RIIS & FRITZ FUCHS 


Few fundamental biological discoveries have 
been adopted more quickly by clinical medicine 
than the finding of a sex difference in the nuclei 
of ganglion cells of cats by Barr & Bertram 
in 1949 and the subsequent demonstration of si- 
milar sex differences in human cells by Barr 
and his associates (27). It was soon found that 
the genetic sex is not always in agreement with 
the phenotypic sex, and during the last five years 
papers concerned with cases of such discrepan- 
cies have appeared in ever-increasing numbers. 
To-day a complete bibliography would require 
a book, and we shall therefore refrain from an 
attempt at reviewing the literature. 

It is quite natural that the discovery of sex 
chromatin should give a new impetus to chromo- 
some studies. The relation between the sex chro- 
matin in the intermitotic cells and the chromo- 
some constitution which can be observed only 
during mitosis, has not been known, although 
several interesting theories were formed. When 
recent technical advances facilitated the study 
of chromosomes, it became possible, during the 
last year or so, to study the chromosome consti- 
tution of cases with discrepancy between genetic 
and phenotypic sex, and to correlate the pre- 
sence or absence of sex chromatin with the 
number and types of sex chromosomes. 

Until recently most investigators favoured the 
view that the sex chromatin represents hetero- 
chromatic regions of the two X chromosomes of 
female cells. The evidence for this, however, is 
not conclusive, and, as pointed out recently by 
Barr (2), certain observations indicate the pos- 
sibility of only one of the X chromosomes being 
heterochromatic, most likely that of paternal 
origin. This question still remains to be settled. 

In the limited number of chromosome studies 
made so far it has now been demonstrated that 
chromatin-positive cases of seminiferous tubule 
dysgenesis (Klinefelter's syndrome) have 44 au- 
tosomes and three sex chromosomes, one Y and 
two X (10, 19). Chromatin-negative cases of gona- 
dal agenesis (Turner’s syndrome) have 44 au- 








From the Copenhagen County Hospital, Glostrup, 
Kommunehospitalet, Copenhagen, and the 
Department of Gynecology, University of Copenhagen. 
Supported by grants from the Danish Science Fund 
and J. L. Smith's Fund. 


tosomes and only one, an X, sex chromosome 
(11, 13). Patients with testicular feminization 
(Morris’ syndrome) are chromatin-negative and 
have a sex chromosome constitution of XY (18). 
In one case of secondary amenorrhoea with 
chromatin-positive cell nuclei three X-chromo- 
somes were found (19), indicating that even in 
the human a “super female” may exist, a con- 
dition known to occur in Drosophila melano- 
gaster. This has recently been confirmed in 
two cases (20). Furthermore, variations in the 
number and forms of the autosomes have been 
found in various conditions, such as mongolism, 
leuksemia, and severe malformations. There is no 
doubt that chromosome studies, now pursued with 
great intensity in several centres, will reveal an 
association of various diseases and malformations 
with chromosome abnormalities. 


In spite of the technical advances, chromosome 
studies are still very difficult and time-consu- 
ming, they require certain facilities and, above 
all, very skilful investigators. Examination of 
cells for sex chromatin, on the other hand, is 
simple and can be carried out in every patholo- 
gical or cytological laboratory. On the basis of 
our experience from a material of 150 cases we 
therefore propose to discuss the value of sex 
chromatin examination in the diagnosis and 
treatment of various endocrine diseases and 
sexual malformations. 


METHODS AND MATERIAL 

Our material was examined over the period 
1955—1960. In the beginning we examined both 
desquamated cells from oral and genital epithe- 
lium, and neutrophilic leukocytes for the charac- 
teristics described by Davidson & Smith 
(7) and confirmed by Riis (31) and others. 
Because the leukocyte method is more time-con- 
suming, and, more important, in rare cases gives 
a different answer from that of the epithelial 
cells (1, 6, 24, 32), the routine use of this method 
was discontinued. 


In the majority of the cases, the specimens 
were taken by ourselves from patients in various 
departments of the Copenhagen County Hospitals, 
Rigshospitalet, and Kommunehospitalet, Gopen- 
hagen. In some instances, however, specimens 
were sent to us from other Danish hospitals, as 
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Table 1. 
The Results of Sex Chromatin Examination in 150 Cases of Various Disorders. 








| Phenotype 





Diagnosis No. | (Masculine M) | pr EEE 5 
(Feminine F) Í eg. es. 
Gonadal agenesis (Turner’s syndrome) 34 | F  : 21 13%) 
Gonadal agenesis, not surgically verified 6 | F | 6 
Seminiferous tubule dysgenesis (Klinefelter’s syn- | 
DN aeaebnseneenhseensnsanawsansterngeedet s 11 M 11 
Testicular dysplasia (“false” Klinefelter’s syndrome) 1 M 1 
Testicular feminization (Morris’ syndrome) ……….…………. 2 F 2 
Advonageniinl apmdeeme ……...-.-s-eveeeeececeee 5 M + F 5 
EE ODOUD. ooo eeersrertesensesensrecese 22 | F 22 
Secondary amenorrhoea …… oenen 2 | F 2 
Stein-Leventhal’s syndrome en 1 | F 1 
dnek aA EE ai dd ee ee Ee ae eee 2 F 2 
Female pseudohermaphroditism .……................. 5 F 5 
Vaginal and/or uterine aplasia .…….…................ 5 F 5 
EE  rrrernrdnegenantennensenses 5 F 5 
teen vub erde deense weeet a 9 | M a’ 
ne dln dad kie a Bad waen din os 3 M 3 
ke ree teem osn eh nde wenen 2 | M 2 
et kn en eneen eek h ke à  ien en 1 | (MD) 1 
nnee tto ears eten eet 1 | M | 
EK beveren mobacdsonde. 1 M + I 1 
Mvotonia dystrophica .……… kibetkenk derde 2 M | 2 
Dystrophia adiposo-genitalis .……….….................. 8 M | 8 
| 11 


Various disorders and malformations ............…. 
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%*) One had double sex chromatin in the majority of the cells. 


well as from hospitals in Norway and Sweden. 
Some of the results have been published previ- 
ously with case histories or in connection with 
other studies by various authors, including our- 
selves (5, 25, 32, 33, 34, 35, 39). 


RESULTS 

Table 1 shows a survey of the results of sex 
chromatin examination in 150 cases. In addition 
we have examined a number of specimens sent 
to us for diagnosis without any information on 
the patients. Our material goes back to a time 
when it was not vet established in which groups 
of patients a discrepancy between the phenotypic 
and the nuclear sex is likely to occur. It is evi- 
dent that such discrepancies can be expected to 
occur in the following groups: Gonadal agenesis, 
seminiferous tubule dysgenesis, testicular femini- 
zation, and adrenogenital syndrome, However, 
the table is misleading in one respect. Since a 
part of the patients were not observed by our- 
selves, it is not possible to state in how many of 
the cases the sex chromatin examination helped 
in establishing the diagnosis. The diagnosis of 
gonadal agenesis was made in phenotypic females 
in the absence of sex chromatin. The chromatin- 
positive patients in this group practically all had 
the diagnosis confirmed by laparotomy, and the 
majority of these patients are included in the 
material of Sele & Trolle (38; p. 101 in this 
issue). Practically all these patients were admit- 
ted for amenorrhoea. The groups listed as pri- 
mary and secondary amenorrhoea may still in- 
clude some cases of gonadal agenesis, and we 
shall discuss below the possibility of reaching 


this diagnosis without a laparotomy. The dia- 
gnosis of Klinefelter’s syndrome was made in 
male hypogonadism on the basis of the clinical 
picture in combination with the sex chromatin 
pattern. 

Prompted by the report of Jacobs et al. 
(19) on the finding of double sex chromatin and 
three X chromosomes in a patient with secon- 
dary amenorrhoea, we decided to re-examine a 
part of our material with this possibility in mind. 
Among the patients with chromatin-positive cell 
nuclei and verified gonadal aplasia or primary or 
secondary amenorrhoea we selected 18 patients. 
The oral smear from one of these patients (No. 9 
in the material reported by Sele & Trolle) 
contained in a large percentage of the cells two 
chromatin bodies, in most instances separated by 
a considerable distance. It seems very likely that 
this may be a case of “super female” with three 
X chromosomes, or perhaps a “super female”- 
Turner’s syndrome mosaic, as reported by 
Jacobs et al. (20) shortly afterwards (June 
1960). The patient, who was not mentally defec- 
tive, had a laporotomy in 1956, by which no 
gonads could be detected. Further details will be 
reported when a chromosome count has been 
made, 


DISCUSSION 
It is evident that sex chromatin examination 
should be carried out in all patients with primary 
amenorrhoea. If no sex chromatin is found, the 
patients may have gonadal agenesis or testicular 
feminization. Gonadal agenesis, or dysgenesis 
(Grumbach & Barr), or Turner's syndrome, 
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is characterized by feminine, usually infantile 
phenotype, short stature, and in many cases mul- 
tiple malformations, such as coarctatio aortae, 
pterygium colli, Iymphoedema of the extremi- 
ties, skeletal deformities, and in some cases men- 
tal retardation. A variety has a large phallos 
(“clitoris”). Secondary sex characteristics are 
absent or slightly developed, the genitals are 
infantile. Urinary excretion of pituitary gonado- 
trophin is usually increased. 

In the absence of sex chromatin the diagnosis 
of gonadal agenesis can be made without a direct 
inspection of the ovarian site by laparotomy or 
laparoscopy. The available evidence indicates that 
most af these patients have a sex chromosome 
constitution of XO (11, 21), but in one case a 
constitution of XY was found (17). 

If sex chromatin is present, the patient may 
still have gonadal agenesis, even in the absence of 
the described somatic symptoms. In the first ma- 
terials chromatin-positive cases of gonadal agene- 
sis constituted only a small fraction of the cases. 
Thus, in the collective material published by 
Nelson (30) only 16 of 103 patients were 
chromatin-positive. Sele & Trolle (38) found 
a predominance of chromatin-positive cases, and 
our material, which includes some of their cases, 
also has a higher percentage of chromatin-positive 
cases (Table 1). This raises the question whether 
direct inspection of the ovarian site is necessary 
for the diagnosis in chromatin-positive cases. 
Clinical examination and studies of hormone 
excretion can not always establish the diagno- 
sis with certainty (Sele & Trolle). However, 
it might be possible to establish the diagnosis ex 
juvantibus. Gemzell et al. (14) treated 30 
amenorrhoeic patients with human pituitary fol- 
licle stimulating hormone (FSH), In seven cases, 
where no response was obtained, laparotomy was 
performed. In six of these the white ridge found 
at the ovarian sites lacked germinative tissue. 
Five of the patients were chromatin-positive, one 
negative. In the seventh, chromatin-positive, pa- 
tient a few follicles were found. In all cases the 
ridges contained stroma of ovarian type. It is 
likely that lack of response to the treatment of 
amenorrhoea with pregnant mare serum gonado- 
trophin and human chorionie gonadotrophin used 
by Rydberg (37) similarly indicates ovarian 
dysgenesis. 

Usually the distinction between chromatin- 
positive and negative cases is easy, because about 
half of the cells contain sex chromatin in the 
positive cases and only a few per cent in the 
negative cases. If the finding is equivocal, a 
mosaic of XO/XX as described by Ford (9) 
may be present. 

The presence of double sex chromatin would 
seem to call for chromosome studies with the 
possibility of a “super female” in mind (20). It 
is interesting that one of the three “super fe- 
males” so far discribed was menstruating nor- 


mally. It should be mentioned that double sex 
chromatin was described by Kosenow (24) 
in a case of gonadal agenesis, before the signifi- 
cance was realized, and that it has also been 
observed by Barr et al. (4) in three mental 
defectives, one or possible two of whom had 
Klinefelter’s syndrome. 

Klinefelter's syndrome or seminiferous tubule 
dysgenesis is characterized by a predominantly 
masculine phenotype, small testes, azoospermia, 
relatively normal development of the external 
genitalia, gyneecomastia, and an increased excre- 
tion of pituitary gonadotrophin. Gyneecomastia 
may be absent, and since it is often difficult to 
reach the diagnosis through a clincal examina- 
tion, it is obvious that the sex chromatin exami- 
nation is af great value. The finding of chromatin- 
positive cell nuclei makes possible the diagnosis, 
and the present evidence indicates a sex chromo- 
some constitution of XXY (10, 19) or, in a single 
instance so far, a mosaic of XXY/XX (12). It 
remains to be seen whether the chromatin-nega- 
tive cases of testicular dysplasia which Nelson 
(30) calls “false Klinefelter’s syndrome” on 
account of absence of sex chromatin and charac- 
teristic differences in the histological structure 
of the testes (16), also may have sex chromosome 
(or autosome) abnormalities. One case studied 
by Ford et al. (12) had 46 chromosomes with 
XY sex chromosomes. 

Morris’ syndrome or testicular feminization is 
characterized by the following symptoms: Femi- 
nine phenotype, with development at puberty of 
mammae, feminine external genitals, a normal 
or shortened vagina, usually ending blindly, and 
primary amenorrhoea. Hypospadia may be pre- 
sent (8). The patients are often admitted on su- 
spicion of inguinal hernia, and on surgical ex- 
ploration testes are found, either in the inguinal 
canals or intra-abdominally. The diagnosis can 
be made on the absence of sex chromatin. If this 
is done before puberty, it is essential that the im- 
portance of the testicular oestrogen production 
for the subsequent development of the patient 
is realized. If the testes are removed, which is 
advocated by some on account of the risk of 
development of gonadal tumours, substitution 
therapy with oestrogens is necessary. Four cases 
studied by Jacobs et al. (18) had 46 chromo- 
somes with XY sex chromosomes. 

Adrenogenital syndrome is a subgroup of fe- 
male pseudohermaphroditism, caused by a con- 
genital virilizing hyperplasia of the adrenal cor- 
tex. This disorder has three main forms: Virilism 
due to 21-hydroxylase deficiency; virilism and 
hypertension due to lack of 11-hydroxylase; and 
virilism and Addison-like electrolyte disturbances 
due to several enzymatic defects (15). The pre- 
sence of sex chromatin will reveal the true sex 
of the patients. In newborns in families contain- 
ing cases of adrenogenital syndrome or in in- 
fants showing symptoms of virilization, in whom 
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studies of hormone excretion may be impractical 
and time-consuming, the sex chromatin examina- 
tion can give the diagnosis within a couple of 
hours. This may be of special importance in the 
third group, where Addisonian crises may require 
prompt treatment. 

The remaining part of the material represents 
various, not all well defined, developmental dist- 
urbances and malformations. In all cases agree- 
ment between phenotypic and nuclear sex was 
found, It is characteristic that also the other 
subgroup of female pseudohermaphroditism, the 
non-adrenogen, is represented by chromatin- 
positive cases only. — Cases of Turner’s and Mor- 
ris’ syndrome have been excluded from the group 
of uterine and vaginal aplasia. — The two cases 
of myotonia dystrophica have been examined, 
because Klinefelter’s syndrome has been encount- 
ered in patients with this disease (5, 16, 29). Both 
cases were chromatin-negative. 


SUMMARY AND CONCLUSIONS 

The clinical use of sex chromatin examination 
has been evaluated on the basis of 150 cases of 
endocrine diseases and sexual malformations and 
certain other disorders. Smears from oral or 
urogenital mucous membranes were used. It is 
concluded that the examination is of considerable 
value for the diagnosis of gonadal agenesis 
(Turner’s syndrome), seminiferous tubule dys- 
genesis (Klinefelter’s syndrome), and testicular 
feminization (Morris’ syndrome). If a discrep- 
ancy between the phenotypic and the nuclear 
sex is found, surgical exploration of the gonads is 
usually unnecessary. In cases of adrenogenital 
syndrome with Addison-like symptoms sex chro- 
matin examination can quickly verify the diagno- 
sis and allow prompt institution of treatment. 

Double sex chromatin was found in a patient 
with gonadal agenesis. It is possible that she is a 
“super female” as described by Jacobs et al. 

The relation between sex chromatin and sex 
chromosomes, as revealed by recent studies, is 
reviewed. Chromosome studies, while of outstand- 
ing theoretical value, not least in cases of doubt- 
ful or double sex chromatin, are usually not ne- 
cessary for the diagnosis and treatment of these 
patients. 


SUMMARIO E CONCLUSIONES 

Le uso clinic de examine de chromatina sexual 
ha essite evalutate super le base de 150 casos de 
sexual malformationes e morbos endocrin e certe 
altere disordines. Maculas de membranas oral o 
urogenital mucose esseva usate. Le conclusion 
es que le examine es de considerabile valor pro le 
diagnose de agenese gonadal (Syndrome de Tur- 
ner), dysgenese tubular seminifere (syndrome de 
Klinefelter), e feminisation testicular (syndrome 
de Morris). Si on trova un discrepantia inter le 
sexo phenotypic e nuclear, exploration chirurgic 
del gonados usualmente non es necessari. In casos 








de syndrome andrenogenital con _symptomas 
simile a illos deì morbo de Addison, examination 
del chromatinas sexual rapidemente verifica le 
diagnose e permitte un prompte institution de 
tractamento. 

Chromatina sexual duplice esseva trovate in un 
patiente con agenese gonadal. Il es possibile que 
illa es »superfeminin« como describite per J a- 
cobs et al. 

Es revidite le relation inter chromatina sexual 
e chromosomas sexual, como revelate per studios 
recente. Durante que studios chromosomic es de 
un enorme valor theoric, super tosto in casos de 
dubitose o duplice chromatina sexual, illos usual- 
mente non es necessari pro le diagnose e tracta- 
mento de iste patientes. 
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TUMOUR 


DIAGNOSTIC USE OF THE CORTISONE TOLERANCE TEST 


By VAGN SELE 


Only a few communications concerning the 
fractionization of the 17-ketosteroids in the urine 
in cases of virilizing ovarian tumours are encoun- 
tered in the literature (Dingemanse et al. 
1951, Pedersen & Hamburger 1953, Le- 
vesqueet al. 1953, Pesonen & Mikkonen 
1958). 

Cohen et al (1958) reported a case of ovarian 
arrhenoblastoma in which a preoperative tole- 
rance test with prednisone was undertaken dur- 
ing the tolerance test, a slight fall in the 17- 
ketosteroids was demonstrated. The patient men- 
tioned excreted, on an average, prior to the 
tolerance test 16.1 mg 17-KS/24 h (normal values 
5—14 mg). On account of the slight fall in excre- 
tion during the tolerance test with prednisone 
and on account of the slightly increased excre- 
tion prior to the tolerance test together with the 
clinical picture, the tentative diagnosis of a viri- 
lizing ovarian tumour was made. The diagnosis 
was confirmed at operation. 

In the patient to be described, an arrhenobla- 
stoma of the left ovary was verified at operation. 
Fractionated 17-ketosteroid determinations were 
carried out (Johnsen 1956) both before and 
after operation and prior to operation a cortisone 
tolerance test was performed on two occasions. 

As no mention of virilizing ovarian tumour in 
which both fractionated 17-ketosteroid determi- 
nations and cortisone tolerance test had been 
undertaken could be found in the literature, the 
publication of this case was considered justified. 


From The Gyneacological Department I, Rigshospitalet, 
University of Copenhagen (Professor Erik Rydberg). 


CASE HISTORY 
The case history does not differ from other 
cases of ovarian arrhenoblastoma and will only 
be briefly reported: 


An unmarried woman 30 years old was referred to 
this department for the first time in june 1957. From 
the age of 20 years she had been treated in a sanato- 
rium on several occasions for pulmonary tuberculosis, 
for which left pneumectomy was undertaken in 1951. 
Following this operation there were no signs of tuber- 
culosis. Apart from this, the patient had, on the whole, 
enjoyed good health. 


Menarche at the age of 12 vears. Menstruation was 
regular until August 1956, From that time periods 
became scanty until amenorrhoea commenced in Fe- 
bruary 1957. In addition, from August 1956, the pa- 
tient had noticed increasing growth of hair on the 
extremities and the upper lip and she had also ob- 
served that her voice became deeper. She had not 
noticed any growth of clitoris. The breasts had di- 
minished in size and she had noticed increasing acne 
on her back and on her face. 


Clinical Investigation: 

The patient was a woman of average state of nou- 
rishment and her appearance corresponded to her age. 
Her voice was deeper than normal. The breasts were 
slightly hypoplastic. There was increased growth of 
hair on the extremities, chin and upper lip. The public 
hair was not definitely virile but was increased in 
breadth and continued round the anus and down 
on to the thighs. The clitoris was slightly enlarged 
(1114 em). Gynaecological examination showed the 
left ovary to be slightly enlarged. No other abnorma- 
lities were found. 


N-ray of cranium and sella turcica: No abnorma- 
litv. 
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Table 1. 


Fractionated 17-Ketosteroids Before and After 


Removal of Ovarian Tumour. 











Total 17-KS | 























. U-fract. | DHA-fract. | A-fract. E-fract. Í R-fract. 
Date of urine (normal : 4-18 (normal : 0,1-0,9 (normal : 0,5-4,0 | (normal : 0,9-5,0 (normal : 0,6-6,0 (normal : 1,2-5,8 
sample mg/24 h) mg/24 h) | mg/24 h) | mg/24 h) | mg/24 h) | ma/24 hb) 
Before operation 
June 6 1957 | En 0.6 Ll 5.7 | 3.0 Ea 
Aug. 5 1957 | 15.9 | 1.2 16 5.3 3.8 | 40 
Nov. 29 1957 | 18.3 | 1.0 1.3 6.5 | 3.0 | 6.5 
| Cortisone test | | 
Sept. 2 1957 17.2 | 1.2 | 14 | 5.0 | 5.1 | 45 
Sept. 21 1957 16.3 | 0.8 | 10 | 14 | 12 |_59 
zà rt a Ee EK HIER ie RE | 
After operation 
Dec. 5 1957 a. | 0.3 | 1.0 2.1 | 17 | 41 
| | 
Jan. 20 1958 11.0 | 04 | 2.2 2.2 | 1.6 | 48 
March 24 1958 10.6 | 0.4 | 13 2.5 1.0 | 
May 16 1958 113 | 0.7 | Ll 3.3 2.8 | __34 
July 30 1958 9.7 | 0.5 1.2 | 3.1 1.6 | 3.2 
Î 








Gonadotrophic hormone in urine: < 50 M. U./24 
hours. Oestrogen in urine: approximately 200 M. U./24 
hours. Corticoids: 0.57 mg/24 hours (normal excre- 
tion). Excretion of 17-ketosteroids: see later. 


Operation. 

Operation was undertaken on Dec. 12, 1957. The 
left ovary was found to be as large as a hen’s egg. 
No other abnormalities were found. Left oophorec- 
tomy was performed. 

The ovary measured 6 X 4 X 4 cm. It contained 
a relatively well delimited tumour approximately 
4 X 4 X 4 cm which was solid, soft and greyish-red. 

Microscopic investigation of a section of the tu- 
mour revealed rather a thick fibrous connective tissue 
capsule on the surface. The tumour was seen to be 
composed as a typical arrhenoblastoma of interme- 
diate type showing an undifferentiated blastoma 
with transition to both immature trabeculae and also 
cellular cords which are seen both in longitudinal 
and transverse section and which contain cylinder 
cells with long oval nuclei in many places. Regular 
tubuli were not observed. The stroma was fibrous 
in some places and elsewhere loose and oedematous 
and here were greater and lesser accumulations of 
polygonal cells with round nuclei and pale or eosino- 
phile cytoplasm. These cells corresponded in type 
to Leydig cells. On staining for fat, these cells were 
demonstrated to contain lipoid. There was no histo- 
logical evidence of malignanev. (Gunnar Tei- 
Lum). 


Postoperative Course. 

The first menstruation occurred four weeks after 
operation and since then the patient has had regular 
menstruation (last follow-up examination July 1958). 
As early as three months after operation, the patient 
noticed growth of the breasts. The hair on the face 
also diminished rapidly but even at the last examina- 
tion slight facial hirsutism persisted. The voice re- 
mained unchanged from before operation. Similarly, 
the clitoris was unchanged. 





17-ketosteroids in the urine. 

Preoperative Investigations: The results of the frac- 
tionated 17-ketosteroid analysis on the 24-hour spe- 
cimens of urine appear from Table 1. 

Analyses were undertaken on a total of five 24- 
hour specimens of urine. Two of these (dated Sept. 2, 
and Sept. 21, 1957) were performed during the corti- 
sone tolerance tests. The other three (dated June 30 
1957, Aug. 5 1957 and Nov. 29 1957) showed a total 
excretion of from 14 to 18.3 mg with an average 
excretion of 16.1 mg (normal limits: 4 to 18 mg) 
per 24 hours. This excretion in thus at the upper limit 
of normal. Exeretion of the androsterone fraction was 
from 5.3 to 6.5 mg per 24 hours with an average 
excretion of 5.8 mg (normal limits: 0.9 to 5.0 mg). 
Excretion of the other fractions was normal. 

The increased excretion of the androsterone frac- 
tion together with the finding of normal exeretion 
of the dehydroisoandrosterone fraction when inter- 
preted together with the clinical picture mentioned 
aroused suspicion of increased ovarian production 
af androgen. 


Cortisone Tolerance. 

In this Department, a standardized cortisone tole- 
rance test is carried out in the following manner: 
The patient receives 25 mg cortisone acetate orally 
four times daily for four days. On the fourth day a 
24-hour specimen of urine is collected for determi- 
nation of 17-ketosteroids. 

The result of this investigations is also recorded 
in Table 1 (dated Sept. 2 and Sept 21, 1957). As a rule, 
this test is carried out on one occasion only but in 
this case it was repeated on account of the abnormal 
findings and the slight decrease in the excretion of 
androsterone. As will be observed from the Table, 
5.0 and 4.4 mg were excreted respectively in this frac- 
tion with an average excretion of 4.7 mg. This is not 
only a massive excretion during such a considerable 
administration of cortisone but also the decrease in 
the exeretion compared with the findings prior to the 
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cortisone tolerance test is slight and -approximately 
1 mg. 

Excretion of the androsterone fraction during the 
cortisone tolerance test compared with the normal 
excretion in the dehydroisoandrosterone fraction prior 
to the cortisone tolerance test and the clinical pic- 
ture made the diagnosis of a virilizing ovarian tu- 
mour probable. 

Postoperatively, the hormonal conditions returned 
to normal, cf. Table 1. 


DISCUSSION 
The slight decrease in the androsterone frac- 
tion during cortisone tolerance can primarily 
only be interpreted as a sign of production of 
androgen proceeding automatically and inden- 
pendently of ACTH stimulation. The differential 
diagnosis is, therefore, between a virilizing ovari- 
an tumour and an adrenal tumour. 
In this case, the following observations favour 
the former diagnosis: 
1) Suspicion of enlarged left ovaryv; 
2) Total 17-ketosteroids not definitely increased; 
3) Normal excretion of the dehydroisoandroste- 
rone fraction; 
4) The clinical picture and the rapid onset of 
virilization and defeminization: 
In contrast, the following would be anticipated 
if an adrenal tumour was present: 


a) Normal gynaecological findings; 


b) Considerably increased excretion of 17-keto- 
steroids; 


— 


c) Greatly increased excretion of the dehydro- 


isoandrosterone fraction; 
d 


— 


Slower clinical course both as regards viri- 
lizing and defeminization, 


CONCLUSION 
Fractionization of the 17-ketosteroids in the 
urine combined with a standardized cortisone 
tolerance test (or loading with another ACTH 
inhibitor) in virilizing conditions in females (and 


presumably also in males) will probably be of 
great significance in the differential diagnosis 
between gonadal and adrenal conditions. 


SUMMARY 

A case of arrhenoblastoma of the ovarvy in a 
woman aged 30 vears is presented. The tumour 
measured 4 Xx 4 XxX 4 cm and was thus not defi- 
nitely palpable on gynaecological examination. 
The diagnosis of a virilizing ovarian tumour was 
established preoperatively from the clinical pic- 
ture, fractionated 17-ketosteroids and the corti- 
sone tolerance test. 

The great value of the fractionated 17-ketoste- 
roid determinations together with the cortisone 
tolerance test in the differential diagnosis be- 
tween gonadal and adrenal conditions in cases 
of virilization is emphasized. 


SUMMARIO 

Es presentate un caso de arrhenoblastoma del 
ovario in un femina de 30 annos de etate. Le 
tumor mesurava 4 4 Xx 4 cm, e pro isto illo 
non esseva definitemente palpabile per examine 
gynecologic. Le diagnose de un tumor ovarian 
virilisante esseva establite postoperativemente ab 
le tableau clinic, le 17-cetosteroides fractionate, 
e le test de tolerantia cortisonic. 

Le grande valor del determinationes del 17- 
cetosteroides fractionate insimul con le test de 
tolerantia cortisonic in le diagnose differential 
inter conditiones gonadal e adrenal es sublineate. 

This work was carried out with financial support 
from Lgvens kemiske Fabriks Legat. 
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AN EFFECT OF ANTIDIURETIC HORMONE ON RENAL 
EXCRETION OF CALCIUM IN DOGS 


By NIELS A. THORN 


The interest in the relation of the calcium ion 
to renal functions has recently been stimulated by 
several findings. Thus, calciferol loading causes 
a decrease in the capacity of the urinary concen- 
trating mechanism in rats (Epstein et al, 
1958). Parathyroid extract produces the same 


From the Institute of Medical Physiology, University 
of Copenhagen (Professor E. Lundsgaard). 

Aided by a grant from Lgvens Kemiske Fabriks Le- 
gat. 


changes in dogs (Epstein et al, 1959) and man 
(Lambie & Robson, 1959), and polvuria is 
often seen in hyperparathyroidism (Epstein 
et al, 1959, Fourman et al, 1959). — That 
calcium can exert its effects acutely was shown 
by the fact that acute hypercalcemia produced 
by infusion of calcium i.v. in dogs (Beck et al, 
1959), in normal persons (Grossman et al, 
1958, Levitt et al, 1958, Yoffee & Din g- 
man, 1959) and in patients with oedema 
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(Freedman et al, 1959) causes an increase 
in renal water exeretion. 

There seem to be no previous reports on possi- 
ble direct relations between antidiuretic hormone 
and renal calcium transport. In the present ex- 
periments the effect of a commercial preparation 
of Iysine-vasopressin on renal calcium excretion 
was studied in hydrated dogs. 


METHODS 

Female dogs (body weight 14—29 kg) were 
trained to the following procedure: On the morn- 
ing of the experiment they received (by stomach 
tube) a volume of body-warm water equivalent 
to 2.5 per cent of the body weight. After 45 
minutes this procedure was repeated. 15 minutes 
later thev were placed on an assay table in mild 
restraint, a retention catheter was placed in the 
urine bladder, and a piece of polyethylene tubing 
containing a 200 mg/100 ml heparin solution was 
introduced in one of the superficial veins of the 
hind legs. Urine was collected in 10 or 15 minute 
periods, complete emptying being secured by 
blowing air into the bladder followed by appli- 
cation of pressure suprapubicallv. After the es- 
tablishment of a baseline rate of urine flow, pre- 
parations containing vasopressin were injected 
intravenously through the polyethylene tubing. 

Urine osmolality was measured on an electric 
freezing point thermometer (the “Fiske Osmo- 
meter”, Advanced Instruments, Newton Highlands 
61, Mass., USA), using NaCl standard solutions of 
known osmolality for reference each day. — The 
coefficient of variation of the osmolality determi- 
nations was 0.8 per cent. 

The calcium concentrations of the urine sam- 
ples were determined by the complexometric 
EDTA titration procedure of Bachra et al. 
(1957), modified in the way that calcein (Diehl 
&Ellingboe 1956) was used as an indicator 
instead of cal-red. A “Normschliff” ultramicro- 
burette was used for delivering EDTA. 500 ul of 
125 N KOH was added to each sample. — KOH 
and standards were stored in polyethylene bottles. 
— The samples were titrated during or immedi- 
ately after the conclusion of an experiment. The 
same laboratory assistant titrated all samples in 
one experiment. 

The precision and accuracy of the calcium 
analyses were tested in the following wav: 

Titrations were made of 6 samples of each of 
the following volumes of 10 mg per 100 ml (5 
mEq/1) of calcium standard: 10, 50 and 100 ul. 
The volumes required for titration were (mean 
+ stand. dev.): 11.7+ 0.25, 49.0+ 1.9 and 102+ 
1.9 ul of 2.5 mmolar EDTA standard, respectively. 
— The average coefficient of variation was 2.6 
per cent. — Six samples (each — 1000 ul) of a 
highly dilute urine required 12.0+ 1.05 ul of 
standard (coefficient of variation — 8.7 per cent). 

Titrations were made of six samples containing 
500 ul of urine from an assay dog and six samples 





containing 1000 ul. The contents of Ca found 
were 0.74 and 1.42 ug, respectively. — To three 
samples of 500 «ul of the same urine were added 
5.0 ug of Ca. To three samples of 1000 «l of urine 
were added the same amount of Ca. Recovery of 
calcium was 102,4 and 103.1 per cent, respective- 
Iy. 

Recoveries of different amounts of calcium 
added to the same amount of urine (from another 
assay dog) were tested in the following wav: 

To each of six samples of urine containing 
1.27 ug of Ca were added 2.5 ug Ca. Recoverv of 
Ca averaged 96.7 per cent. — The procedure was 
repeated with addition of 5.0 and 7.5 ug of calci- 
um. Recoveries averaged 97.3 per cent and 95.9 
per cent, respectively. 


RESULTS 

The course of the rate of urinary excretion of 
calcium in dogs hydrated in the way previously 
described and given control injections of 0.9 per 
cent NaCl was followed in 3 control experiments. 
The results of one of these experiments is shown 
in Fig. 1. The rate of urinary excretion of Ca 
remained stable around 3—6 ug per minute for 
several hours. 

The effect of Insipidin (a commercial, purified 
extract made from posterior pituitaries of hogs) 
was tested in 21 experiments in 7 different dogs. 
— The doses employed were: 2, 10 and 50 milli- 
ratpressorunits per kg. The batch numbers of the 
Insipidin used were: @4, Es, D4 and E4. — In all 
experiments a marked antidiuretic effect was 
seen after injection. In all experiments the rate 
of excretion of calcium rose. Base line rates of 
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Fig. 1. 
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Effect of 3 Different Doses of Insipidin on the Rate 

of Urinary Excretion of Calcium, Urine Osmolality 

and the Rate of Urine Flow. — Trained dog “Stine”, 
23 kg, 5 per cent Hydration. 


excretion varied between 3 and 14 ug per minute. 
Injection of Insipidin increased the rate of ex- 
cretion with a minimum increase of 100 per cent 
after a dose of 2 mU/kg and a maximum increase 
of 2000 per cent after a dose of 50 mU/kg. — 
The duration of the effect on calcium excretion 
in per cent of the duration of the effect on urine 
osmolality averaged 73 for all the experiments. — 
After the large dose, in some experiments, an 
initial fall in the rate of calcium excretion was 
observed. — A dose-response relation was clearly 
seen from inspection of the data and is illustrated 
in Fig. 2. Serum calcium concentration did not 
change. 


DISCUSSION 


The mechanism of action of the increase in 
renal exeretion of Ca caused by vasopressin is 
obscure. — One way of explaining it would be 
that vasopressin decreases distal calcium reab- 
sorption or stimulates calcium secretion. However, 
although the percentage increase in calcium ex- 
cretion after vasopressin injection is large, it 
must be remembered that the absolute increase is 
only a small fraction of the amount of Ca filtered 
in the glomeruli. A small increase in this para- 
meter (undetectable by present clearance me- 
thods) might equally well explain the findings. 


Present concepts of the mechanism of action 
of vasopressin center on an effect on the perme- 
ability of the distal convoluted tubules and the 
collecting tubules as essential (Thorn 1958, 
1960). It remains for future research to clarify 
whether the effect on renal calcium excretion — 
demonstrated in the present experiments — is in- 
volved in this mechanism. The wellknown effects 
of calcium on cellular permeability do not make 
such a possibility unlikely. Also, there is some 
evidence that the mechanism of action of oxy- 
tocin involves an effect of calcium on the uterus 
(Coutinho & Csapo 1959). It is debated 
whether hyaluronidase plays a part in the mechan- 
ism of action of antidiuretic hormone by de- 
polymerizing mucopolysaccharide complexes in 
the intercellular cement. A calcium release into 
the distal tubules might occur in this process. 


SUMMARY 
Insipidin, a commercial purified extract of 
posterior pituitaries of hogs, in doses of 2—50 
milli-ratpressorunits per kg increased the rate of 
renal excretion of calcium in hydrated, trained 
dogs. This effect was well correlated with the 
antidiuretic effect. 


SUMMARIO 
Insipidin es un commercial extracto purificate 
del pituitarios posterior de porcos. In doses de 
2—50 mU pressori rattin per kg illo augmentava 
le rata de excretion renal de calcium in canes 
hydrate e trainate. Iste effecto esseva correlatate 
con le effecto antidiuretic. 
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EFFECT OF VALYL3-OXYTOCIN 
EXCRETION 


ON 
OFSODIUM 


RENAL 


AND POTASSIUM IN HYDRATED RATS AND DOGS 
By NIELS A. THORN 


Arginine- or lysine-vasopressin has little effect 
on the renal excretion of Na and K in rats 
(Thorn, 1959). — Oxytocin, however, increases 
the renal excretion of Na and K when given to 
rats or dogs which have endogenous or exogenous 
vasopressin circulating (Croxatto & Labar- 
ca, 1958, Brooks & Pickford, 1958). 

Leucyl®-vasopressin (identical with phenylala- 
nyl-oxytocin), one of the possible hybrids be- 
tween arginine-, lysine-vasopressin and oxyvtocin, 
has been found to increase the renal excretion of 
Na and K in hydrated rats and dogs (Thorn & 
Mile wski, 1959). It was suggested that a leu- 
cyl residue in the side-chain of these octapeptides 
(Fig. 1) might be essential for the natriuretic ef- 
fect. As a first test of this hypothesis, the effects 
of valyB-oxytocin (Berde, Doepfner & 
Konzett, 1957) on the renal excretion of Na 
and K were examined in the present study. 


CYS-TYR-ILEU- GLU(NHe)- ASP(NH2)- CYS- 
1 2 3 4 5 6 


PRO-LEU-GLY(NHo) 
7 8 9 
Fig. 1. 
Structure of Oxytocin. 


MATERIAL AND METHODS 

The experiments were performed as assays for 
antidiuretic potency of valylB-oxytocin in dogs 
and rats. Simultaneously the rates of urinary ex- 
cretion of sodium and potassium were deter- 
mined. In the dog experiments the method of 
Ames, Moore & van Dyke (1950), using 
trained, hydrated, female dogs was employed 
with the modification that 8 % overhydration 
initially obtained was maintained by administer- 
ing tap water by stomach tube in 200 ml portions 
as soon as this volume of urine had been excreted. 
As index of antidiuretic activity changes in urine 
osmolality (determined by an electric freezing 
point thermometer (the Fiske Osmometer) were 


From the Institute of Medical Physiology, University 
of Copenhagen (Professor E. Lundsgaard). 

Aided by grants from King Christian The Tenth 
Foundation and Alfred Beuzons Fond, Copenhagen. 





used as well as decreases in the rate of urine 
flow. — In the rats assays were done by the 
method of Thorn (1957), with the modification 
that besides decreases in the rate of urine flow 
changes in urine osmolality were used as an 
index of antidiuretic response. For these deter- 
minations the microadaptation unit of the Fiske 
osmometer was employed. Sodium and potassium 
concentrations of urine samples were determined 
by flame photometry using lithium as an internal 
standard. 

A sample of valyl-oxytocin (OTV 80) was 
kindly presented by Drs. Berde and Cerletti, 
Pharmacological Laboratory, Sandoz, Basle. This 
solution in addition to the active molecules con- 
tained some biologically inert by-products which 
seem to be inactive dimers of the active mono- 
meric molecules. It has been examined by Hel- 
ler & Lederis (1958) on paper chromato- 
graphy using n-butanol/acetic acid/water (5:1:4). 
In this system the main part of the activity had 
an Rr value of 0.33 whereas a small spot had an 
Rr value slightly lower than that. — The oxytocic 
activity of the solution was 2 1. U. per ml in the 
conventional pharmacopeial methods (rat uterus 
in vitro, chicken blood pressure). Fresh dilutions 
were made each day of assay with 5 % glucose. 
All injections were made i.v. through indwelling 
polyethylene catheters. The volume injected did 
not exceed 0.5 ml in rats and 9 ml in dogs. Control 
injections were made with 5 % glucose. — In- 
fusions at a constant rate were made by a con- 
stant iv. infusion pump, built at the Institute. 
Units of dosage refer to oxytocic activity. The 
doses employed were such that would produce 
a submaximal antidiuretic response. 


RESULTS 
Dog experiments. 

In 11 experiments with 3 dogs (body weight: 
14, 15, 22 kg) a total of 23 single injections were 
done using doses from 0.02—60 mU/kg. Doses 
above 6 mU/kg produced antidiuresis and in- 
creases in the renal excretion of Na and K. Results 
of a typical experiment are shown in Fig. 2. — 
In 3 experiments infusions were made of 0.2 mU/ 
kg/min and in 3 others 1.0 mU/kg/min. for 30 
minutes to the same 3 dogs hydrated in the same 
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Effects of Single Injections of Valyl?-Oxytocin on 
Rate of Urine Flow, Urine Osmolality and Rates of 
Urinary Excretion of Sodium and Potassium 
in hydrated, Conscious dog (wt. 14.6 kg). 


way. The higher dose constantly produced anti- 
diuresis and increased renal excretion of Na and 
K. Results of one such experiment are shown in 
Fig. 3. 


Rat experiments. 

In 13 experiments with rats (body weight: 150 
— 217 g) 21 single injections were done using 
doses from 0.01—1180 mU/kg. Doses above 20 
mU/kg produced antidiuresis and increases in the 
renal excretion of Na and K. Results of a typical 
experiment are shown in Fig. 4. — In 6 experi- 
ments infusions were made to rats weighing 165 
— 210 g of 0.2 and 1.0 mU/kg/min for 30 minutes. 
Here also, the higher dose caused antidiuresis and 
increased excretion of Na and K. Results of a 
typical experiment are shown in Fig. 5. 

In the single injection experiments both in dogs 
and rats there was a clear-cut dose response 
relation. The duration of the effect on Na and K 
excretion was roughly similar to that on urine 
osmolality in most experiments. 








10 
peRIOD (1periode 10 min) 
VALYL OXYTOCIN 
Infusion 
1. 0 m U / kg /min. 
nn 
Fig. 3. 
Effect of an Infusion at a Constant Rate of Valyl?®- 
Oxytocin on Rate of Urine Flow, Urine Osmolality 
and Rates of Urinary Ezxcretion of Sodium and 
Potassium in hydrated, Conscious Dog (wt. 140 kg). 


DISCUSSION 

Although the preparation of valyB-oxytocin 
employed in the present experiments was not 
chemically pure, it seems reasonable to assume 
that the effects demonstrated were due to valyl- 
oxytocin, since it has been shown that assays of 
the crude synthetic preparations of analogues in 
comparison with the highly purified substances 
show no important modifications of biological 
character (Dr. Berde, personal communica- 
tion). 

The substitution of isoleucine in position 3 for 
a cyclic (phenylalanyl) or another aliphatic (va- 
Iyl) aminoacid residue apparently does not 
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Effects of Single Injections of Valyl?-Ozxytocin on 

Rate of Urine Flow, Urine Osmolality and Rates of 

Urinary Excretion of Sodium and Potassium in a 
Hydrated, Ethanol Anaesthetized Rat (wt. 217 g). 


abolish the sodiuretic effect of oxytocin present 
during antidiuresis. 

The mechanism of the effect on the renal ex- 
cretion of Na and K is unknown. One possibility 
would be that the octapeptide, by increasing the 
load of Na to the distal tubules, would cause 
natriuresis and secondarily affect potassium ex- 
cretion through an increased distal exchange of 
Na for K. 

For the hypothesis outlined in the introduction 
(that a leucyl residue in the side chain is essen- 
tial for the sodiuretic effect) it would be crucial 
to test whether substitution of the leucyl residue 
in the 8 position for another amino acid has any 
influence on the sodiuretic effect. Studies on the 
effect of 2 such compounds (lysyl-oxytocin and 
isoleucyl®-oxytocin) are in progress in this labo- 
ratory. 

SUMMARY 

Doses of valyB-oxytocin which caused sub- 
maximal antidiuresis, administered in single in- 
jections or infusions, to hydrated rats and dogs, 
increased the rates of renal excretion of Na and K. 
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Effect of an Infusion at a Constant Rate of Valyl®- 
Ozxrytocin on Rate of Urine Flow, Urine Osmolality 
and Rates of Urinary Excretion of Sodium and Potas- 
sium in hydrated, Ethanol Anaesthetized Rat 
(wt. 205 g). 








SUMMARIO 
Doses de valyl3-oxytocina que causava anti- 
diurese, in infusiones o injectiones singule, in 
rattos e canes hydrate, augmentava le ratas del 
excretion renal de Nae K. 
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ANTIDIURETIC HORMONES AND THEIR ANALOGUES 


STUDIES OF RENAL EFFECTS — ASSAY — CIRCULATING FORM 
SUMMARY OF THESIS 


By NIELS A. THORN 


The thesis mainly deals with the following 
points: 

1) The role of the antidiuretic hormone (ADH, 
vasopressin) in the concentrating-diluting mecha- 
nism of the kidney and the problem concerning 
the effect of posterior pituitary hormones on the 
renal excretion of sodium and potassium. 

2) Problems involved in bioassays of antidi- 
uretic hormone, especially the choice of index of 
response and standard. 

3) The chemical form of the antidiuretic hor- 
mone circulating in the blood and excreted in 
the urine. 

A critical analysis is performed of our present 
knowledge of the concentrating-diluting mechan- 
ism of the kidney. A modification is presented 
of the hypothesis of Wirz, Hargitay & 
Fuhn. The essential unsolved problems in the 
function of the distal part of the nephron are 
discussed as well as possible ways of clarifying 
them. 

The very conflicting literature on the effect of 
partially purified posterior pituitary preparations 
on renal Na and K excretion is reviewed. The 
author has demonstrated that highly purified ar- 
ginine- or lysine-vasopressin given in submaximal 
antidiuretic doses to hydrated rats have no effect 
on renal excretion of Na and K. Leucyl®-vaso- 
pressin, however, a hybrid between oxytocin and 
the vasopressins, caused an increase in the rate 
of renal excretion of Na and K in hydrated rats 
and dogs. The implications of these findings are 
discussed. In a comprehensive table the essential 
points of the many assay methods for ADH are 
listed. In a broader discussion especially the 
duration factor of the index of response is de- 
bated in detail. By combining the favorable as- 
pects of various methods and adding a few new 
facts the author has aimed at developing methods 
for assay which have the highest possible spe- 
cificity and sensitivity. One method employs 
trained dogs. As index of antidiuretic response 
changes in urine osmolality are used. When 


simultaneous decreases in the rate of urine flow 
are recorded, this index comes close of the ideal 
index of response, changes in free water clear- 
ance. The author has introduced the improvement 
in the rat method of tying off the major part of 
the bladder. This decreases dead-space and back- 
transport of solutes at low rates of flow as well 


as allowing the time course of the antidiuretic 
effect to be followed much more reliably. This 
is essential when qualitative differences in anti- 
diuretic response to various vasopressins and 
the effects on urinary electrolyte excretion are 
studied. It is shown how employment of ethanol 
anaesthesia in rats gives only a small error in 
the use of urine density or osmolality changes 
as indices of antidiuretic response. 


The differences between results obtained by 
pressor and antidiuresis assays are discussed. 
The author has demonstrated qualitative and 
quantitative differences in antidiuretic responses 
of rats and dogs to arginine-, Iysine- and leucyl?- 
vasopressin. 

The pressor potency per mg substance of argi- 
nine-vasopressin is somewhat larger than that of 
Iysine-vasopressin. Both these octapeptides have 
a much larger pressor and antidiuretic potency 
per mg substance than leucyl®-vasopressin. Using 
3 different parameters as antidiuretic response- 
index and doses of the 3 peptides which were 
equipotent in pressor effect arginine-vasopressin 
was somewhat more potent (that is relative to 
pressor effect) than leucyl8-vasopressin, both in 
rats and dogs, considerably more potent than ly- 
sine-vasopressin in rats and much more so in 
dogs. These findings have implications for our 
concept of the mechanism of action of antidi- 
uretic hormone and for the choice of standard 
in antidiuresis assays. The experiments of the 
author on circulating ADH are briefly reviewed. 
The main experiments were done on rats. They 
showed that the antidiuretic material present 
after stimulation of the osmoreceptors is inactivat- 
ed by thioglycolate. It showed the same pattern 
of inactivation by proteolytic enzymes as did 
arginine-vasopressin. It was known from previ- 
ous work that vasopressin is destroyed by trypsin 
and chymotrypsin but not by carboxypeptidase. 
The author has demonstrated that vasopressin 
is resistant to pepsin. The main part of the anti- 
diuretic material was in a high molecular form. 
On starch block electrophoresis it was located 
to the main fraction of the fast-migrating globu- 
lins. 

There is very high degree of probability that 
the antidiuretic substance isolated from rat se- 
rum is vasopressin circulating mainly in a pro- 
tein-peptide complex. This hypothesis is further 
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substantiated by the fact that highly purified ar- 
ginine-vasopressin and synthetic oxytocin added 
in vitro to rat serum showed mobility characte- 
ristics on starch block electrophoresis very simi- 
lar to those of the serum factor. 


The implications of protein-binding are dis- 
cussed, both for the information it may vield 
concerning the release of the hormones as well 
as for their mechanism of action. Protein-binding 
gives a natural explanation of the fact that a 
strong antidiuretic effect can be elicited very fast 
with only minute amounts of hormone released 
into the circulation, since the hormone is in this 
way mainly restrained within the blood volume 
until it is cleared by the kidneys and the liver. 


A high renal clearance due to tubular excretion 
would secure high concentrations of the hor- 
mone at the site of action. The quantitative re- 
lations between free and bound peptide have not 
been studied. 

Since the titres of ADH in biological fluids arc 
usually too small to allow direct chemical cha- 
racterization of the hormone (e. g. by chromato- 
graphy) the proteolytic enzyme inactivation 
“pattern” developed by the author would seem 
useful in such studies. 


Thorn, N. A.: Antidiuretiske hormoner og deres ana- 
loge. Thesis. University of Copenhagen. Danish 
Science Press, Copenhagen 1960. Summary and 
text of figures and tables in English. 


CONSIDERATIONS ON BREECH 
PRESENTATION AS AN INDICATION FOR 
CAESAREAN SECTION 


By DYRE TROLLE 


It is generally recognized that the foetal mor- 
tality during delivery and the infantile mortality 
during the first week of life differ for the various 
foetal presentations in delivery per viam natu- 
ralem. The mortality is least in delivery with 
occipitoanterior presentation (praesentatio occi- 
pitis, positio anterior — OA). With the object of 
further investigating the causes of these differ- 
ences in the mortality and investigating the means 
of reducing the mortality, all 2,009 single delive- 
ries in 1959 in the Maternity Department A were 
analyzed. 

On account of the limited material, only com- 
parisons between occipital presentations and 
breech presentations (praesentationes caudae) 
are undertaken. The material is divided accord- 
ing to the birth weight of the infant into four 
weight groups, each of which will be mentioned 
and discussed below. 

The three different occipital presentations (OA, 
OP and OT) are grouped together, as final differ- 
entiation into OA, OP and AT in spontaneous 
deliveries frequently occurs just before or at the 
moment of birth. If, for example, intervention is 
undertaken in a delivery when the head is at 
the interspinous line in positio transversa it is 
known that in the large majority of cases the 
head would have rotated further down in the 
birth canal to an anterior position. Similarly, all 
the different breech presentations are grouped 
together. 


From the Maternity Department A, Rigshospitalet, 
University of Copenhagen. (Head: Professor Erik 
Rydberg). 


WEIGHT GROUP I 


This group comprises 1,635 infants weighing 
> 2,500 g. 

In this group there were 1,453 occipital pre- 
sentations with 28 perinatal deaths, í. e., 1.93 per 
cent, and 81 breech presentations with five peri- 
natal deaths, í. e., 6.17 per cent. Superficial exa- 
mination of these percentage appears to indicate 
that the risk of delivery with breech presenta- 
tion is more than three times as great as in de- 
livery in occipital presentation. 

However, such an immediate comparison is 
not sufficient if investigation of the risk of de- 
livery in breech presentation is desired. Before 
a comparison between the mortality in delivery 
per viam naturalem in occipital and breech pre- 
sentation can be undertaken the two tvpes of 
presentations must be further discussed. 

From the 1,453 occipital presentations the 
following 58 cases must be excluded: 

33 Caesarean sections (two in OA with living 
infants + four in OP with living infants + 
27 in OT with one foetal death due to total 
separation of the placenta), 

12 cases in which the foetus died before the 
delivery commenced, 

3 cases with infants suffering from severe 
hydrops foetalis due to rhesus incompati- 
bility, 

2 cases in which separation of the placenta 
and death of the foetus occurred during de- 
livery, 

8 cases in which the death of the foetus was 
due to bad obstetrics (five in OA + one in OP 
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+ two in OT). The Department admits cases 
in which “complications” have occurred 
from outside the hospital. 


There remain 1,395 occipital presentations with 
two perinatal deaths, one infant died during 
delivery and the other during the first week of 
life. In the former case, delivery had commenced 
spontaneously 16 days after the expected date 
and the mother was admitted in labour with a 
temperature of 39° C (102.2° F) and the foetal 
heart sounds disappeared shortly afterwards. In 
the latter case, no demonstrable cause either in 
the mother or the infant could be found. 


From the 81 breech presentations the follow- 
ing 16 cases must be excluded: 


14 cases of Caesarean section (living infants), 
1 anencephalic monster, 

1 case with sudden total separation of the 
placenta. 


There remain 65 cases of breech presentation 
(35 primiparae) and, of these, three of the in- 
fants died during delivery or in the first week 
of life. These three deaths will be further dis- 
cussed: 


In the first case (in a primipara where the infant 
weighed 2,650 g) death was due to arrested aftercoming 
head. This risk must always be considered in breech 
presentations even when X-ray examination has re- 
vealed a normal pelvis and a head of normal size.*). 
This complication occurred in nine out of the 65 
breech presentations, í. e, 13.9 per cent, but only one 
infant died. 

In the second case (in a primipara where the in- 
fant weighed 2,600 g), the cord prolapsed early in 
labour. This is another risk in breech presentation. 
Prolapse of the cord occurred in five out of the 65 
breech presentations, í. e, in 7.7 per cent, but only 
one infant died (among the 1,453 occipital presen- 
tations there was only one case, i. e, 0.07 per cent, 
and the infant survived). 

The third case (in a secundipara where the infant 
weighed 3,050 g) death was due to hydrorrhoea to- 
gether with inadequate pains and pyrexia during the 
delivery. These complications are observed more fre- 
quently in cases of breech presentation than in occi- 
pital presentations. In the present material hydror- 
rhoea was observed six times as frequently in breech 
presentations and pyrexia during the delivery five 
times as frequently. 


In other words, the risk for the infant in 
delivery per viam naturalem in occipital pre- 
sentations and in corresponding deliveries with 


*) Examples: In a primipara in whom pelvimetry 
revealed a true conjugate diameter greater than 
12.5 cm and a transverse diameter of the inlet of 
the pelvis of 13.2 cm, forceps were required, the 
infant survived and weighed 3,100 g. In another 
primipara the true conjugate diameter was 11.8 
cm, there was arrested aftercoming head and the 
infant, weighing 3,900 g, died. 


breech presentation can be demonstrated by 
comparing the following figures: 

1,395 occipital presentations with two deaths, 
i. e.…, 0.14 per cent, and 65 breech presentations 
with three deaths, í. e., 4.62 per cent. As the 
number of breech presentations was limited, the 
corresponding number of breech presentations 
for the preceding year was analyzed. Here there 
were 57 cases with delivery per viam naturalem 
with three deaths (all due to arrested aftercoming 
head, one of the mothers was a primipara, the 
second was a secundipara and the third a sexti- 
para and the infants weighed 3,900 g, 3,200 g and 
2,600g, respectively), í. e, 5.3 per cent. In all 
three cases the autopsy showed intracranial hae- 
morrhage. 

Thus, the mortality in delivery per viam na- 
turalem with breech presentation proved to be 
35 times as great as in delivery with occipital 
presentation. The danger in delivery with breech 
presentation is, however, in fact even more se- 
rious. Always, and despite the most meticulous 
control, cases in which the aftercoming head 
becomes arrested can occur (14 per cent in the 
author’s material) and prolapse of the cord (se- 
ven per cent) and it is impossible to predict the 
course in these cases. In other words, an “in- 
visible mortality” exists. Mf all oa these infants 
died the mortality for breech presentations would 
be not 4.62 per cent but 23.1 per cent. However, 
all of these infants do not die, but how many 
survive with permanent injuries in the form of 
cerebral damage? 


Discussion: 

In all cases of breech presentation treated in 
this Department prophylactic external version 
is attempted in the 4—5 weeks prior to the ex- 
pected date of delivery. Whether this prophy- 
lactic intervention has any influence whatsoever 
upon the number of breech presentations at de- 
livery is doubtful. Following a systematic and 
meticulous investigation concerning this question, 
Brosset in 1956 came to the conclusion that 
prophylactic external version does not reduce 
the number of breech presentations. 


The following question invariably arises: Is it 
nowadays not too hazardous to let women with 
breech presentations be delivered per viam na- 
turalem when the foetus is estimated to weigh 
more than 2,500 g? This question holds both for 
special departments and for non-specialized de- 
partments. Should Caesarean section not be em- 
ployed to a much greater extent than is usually 
the case in breech presentations (in 1959 the 
percentage was 17.3 in this Department) ? Should 
one even go so far as to advocate Caesarean sec- 
tion in all cases of breech presentation (provided, 
of course, that there are no contraindications) ? 
If Caesarean section had been undertaken in all 
breech presentations the incidence of Caesarean 
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section for all presentations with infants larger 
than 2,500 g would have risen from 5.75 per cent 
to 9.80 per cent, in this Department. 

The most important objection to such a pro- 
cedure is the awareness of the possibility of 
rupture of the uterine scar during subsequent 
pregnancies or deliveries as the incidence of such 
a rupture is stated to be 2—3 per cent. If, however, 
lower uterine segment incision is employed, the 
risk of rupture later in pregnancy is practically 
eliminated and if Caesarean section is undertaken 
at the next pregnancy on the indication of the 
previous section, the risk of rupture is, in fact, 
eliminated. 

The maternal mortality in uncomplicated Cae- 
sarean section is nowadays of the same order as, 
or less than, with delivery per viam naturalem 
and, therefore, this factor need not cause anxiety. 


According to Harris & Nessim in 1959 
the non-corrected maternal mortality for a total 
of 36,026 vaginal deliveries was 0.052 per cent 
and for a total of 4,397 Caesarean sections 0.081 
per cent. In 1,826 cases of elective repeated Cae- 
sarean sections the maternal mortality was 0. 

The infantile mortality in uncomplicated Cae- 
sarean section in infants of this size is probably 
the same as in uncomplicated deliveries per viam 
naturalem in occipital presentations. 


These considerations concerning breech pre- 
sentation as an indication for Caesarean section 
correspond by and large to the considerations 
which, some years ago, led to the recognition of 
transverse presentation as an indication for Cac- 
sarean section. 


WEIGHT GROUP II 

This group comprises 169 infants weighing 
> 2,000—> 2,500 g. 

There were 134 occipital presentations with 
15 perinatal deaths, í. e., 11.2 per cent, and 20 
breech presentations with one perinatal death. 
In order to compare the mortality in delivery per 
viam naturalem in these two presentations, the 
two groups of presentation must be further dis- 
cussed. 

From the 134 occipital presentations the fol- 
lowing ten cases must be excluded: 

5 cases where the foetus died prior to deli- 
very, 

3 cases with severe foetal malformations, 

1 case with sudden total separation of the 
placenta, 

1 severely affected rhesus infant born else- 
where and brought in too late. 

There thus remain 124 occipital presentations 
with five deaths during delivery or in the first 
week of life, í. e, 4.3 per cent. These five deaths 
will be further commented upon: 


4 died without demonstrable cause. 
The fifth infant, an OP presentation in a secundi- 
para, was severely asphyxic at birth and died 41 








hours after birth. Autopsy revealed intracranial hae- 
morrhage. 


The following four cases must be excluded 
from the 20 cases of breech presentation: 
1 infant died prior to delivery and was a 
severely affected case of ABO hydrops foe- 
talis, 
3 cases of Caesarean section (living infants). 
There thus remain 16 cases of breech presen- 
tation (nine primiparae) with no deaths during 
the delivery or in the first week of life. In no 
case was the aftercoming head arrested and pro- 
lapse of the cord occurred in one case only. 


Discussion: 

Obviously, 16 breech presentations is a very 
limited material to rely on but if this is sup- 
plemented with 19 similar cases from the De- 
partment in 1958 also with no deaths one feels 
tempted to draw the following conclusions: 

1) It is apparently more dangerous for the 
infants in this weight group to be delivered in 
occipital presentation than in breech presen- 
tation. This can scarely be correct as, firstly, the 
four deaths were without demonstrable cause and 
in all probability independent of the presen- 
tation and, secondly, in breech presentation there 
is always a risk of prolapse of the cord and 
arrested aftercoming head which, per se, com- 
prise an “invisible mortality”. 

2) The risk of delivery per viam naturalem in 
breech presentation in the weight group > 2,000— 
S 2,500 g is not greater than for the weight group 
> 2,500 g and may even be less. This is inter- 
esting particularly when it is compared with the 
risk in the next weight group: > 1,000—52,000 g. 

3) It is uncertain whether Caesarean section 
should always be recommended in this group. 
But if any other factors favouring such an inter- 
vention are present, there should be no hesita- 
tion. 


WEIGHT GROUP HI 

This group comprises 139 infants weighing 
> 1,000—52,000 g. 

There were 91 occipital presentations in this 
group with 28 perinatal deaths, i.e. 30.7 per cent 
and 23 breech presentations with 16 perinatal 
deaths, i.e. 69.6 per cent. These two groups of 
presentations must be further discussed before 
comparison between the mortalities in dekiverv 
per viam naturalem can be undertaken. 

The following 16 cases must be excluded from 
the 91 cases of occipital presentation : 


1 case of Caesarean section, 

11 cases in which the foetus died prior to 

delivery, 

3 cases in which the death was due to bad 

obstetrics, 

1 case of sudden separation of the placenta. 
From the 23 breech presentations the following 

cases must be excluded: 
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1 case of Caesarean section,, 

3 cases in which the foetus died prior to 
delivery, 

1 case of sudden separation of the placenta, 
1 achondrodystrophic infant. 


There thus remain for comparison 75 cases 
of occipital presentation with 12 deaths during 
delivery or in the first week of life, i.e. 16.0 per 
cent, and 17 breech presentations*) (7 primi- 
parae) with 11 deaths during delivery or in the 
first week of life, i.e. 64.8 per cent. (In four of 
these 11 cases the mothers were primiparae). As 
the number of breech presentations is limited, 
the corresponding number of breech presen- 
tations for 1958 was also analyzed. This com- 
prised 17 cases with 10 deaths, i.e. 58.8 per cent. 


Stated briefly, in delivery per viam naturalem 
in breech presentation the mortality is 60 out 
of 100 while in the corresponding delivery with 
occipital presentation the mortality is only 18 
out of 100. 


Discussion: 

This considerable difference in the mortality 
should encourage the undertaking of Caesarean 
section in all breech presentations and then 
comparison of the result with that of deliveries 
per viam naturalem in occipital presentations 
should be made. As it is possible that by means 
of Caesarean section one may obtain a mortality 
which is considerably less than in delivery per 
viam naturalem in occipital presentation the 
question cannot be avoided whether Caesarean 
section should not be undertaken in all cases in 
which the foetus is estimated to weigh > 1,000 
— S 2,000 g. 


WEIGHT GROUP IV 


This group comprises 66 infants weighing > 
250 — S 1,000 g. 

In this weight group 66 infants were delivered 
with 61 perinatal deaths, i.e. 92.4 per cent. The 
number of deliveries in the different presen- 
tation groups are limited. Accorded to the same 
rules as previously only 10 occipital presen- 
tations can be considered with 8 deaths during 
delivery or in the first week of life, i.e. 80.0 per 
cent, and 17 breech presentations with 17 deaths 
during delivery or in the first week of life, i.e. 
100 per cent. 


Discussion: 

The conclusion is probably justified that in 
this weight group, the presentation plays only a 
subordinate part while the foetal weight is the 
decisive factor. 


%*) Among these 17 infants, 8 weighed > 1,000 — 
S 1,500 g and 7 died while 9 infants weighed 
> 1,500 — <S 2,000 and 4 died. 


CONCLUSIONS 

The result of the above account is thus tk 
consideration of Caesarean section in all bree 
presentations with foetal weights of > 1,000 
appears reasonable. Further discussion of 
question on the basis of other materials is desi 
able. 

After the conclusion of this work, the autho 
attention was drawn to the fact that Wrigt 
had published a work of a similar nature ä 
December 1959. Wright concludes that 
patient of over 35 weeks’ gestation who ente 
labor with a living baby in breech presentatig 
should be delivered by cesarean section, p 
viding there is no maternal disease that cont 
indicates abdominal delivery. 


SUMMARY 

The foetal mortality during delivery and tt 
infantile mortality in the first week of life 
all single deliveries during the year 1959 
Maternity Department A, Rigshospitalet, Cope 
hagen, are reviewed in view of the foetal prese 
tation as the cause of death. 

It was demonstrated that for infants weighir 
> 2,500 g in delivery per viam naturalem 
breech presentation the mortality is 35 times 
great as in corresponding delivery in occip 
presentation. For infants > 2,000 — < 2,500 
the mortality is apparently equal for the 
types of presentations while for infants > 1,0 
— S 2,000 g the mortality is 60 per cent foet 
breech presentations and 16 per cent for occipi 
presentations. 

The advisibility of undertaking Caesarea 
section in all cases of breech presentation 
discussed. 


SUMMARIO 

Es revidite le mortalitate fetal durante deliv= 
rantia e le mortalitate infantil in le prime septis 
mana de vita pro omne singule delivrantiag 
durante le anno 1959 in le Departimento A dé 
Maternitate, Rigshospitalet, Copenhagen, in 
vista del presentation fetal como le causa mortal 

Se demonstrava que pro infantes de un pe 
> 2500 g in delivrantia per le via natural in pre= 
sentationes caudal le mortalitate es 35 vices plus 
grande que in le presentation correspondente in 
delivrantia occipital. Pro infantes de un peso de 
inter 2000 e 2500 g le mortalitate pare equal prc 
le duo typos de presentation, durante que pro 
infantes de un peso de inter 1000 e 2000 le morta- 
litate es 60 % pro presentationes caudal e 16 % 
pro presentationes occipital. 

Es discutite le avisabilitate de section cesarian 
in omne casos de presentationes caudal. 
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